CLAIMS: 

1 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources \p at least one portion of the 

formation; 

allowing the heat to transfer from the one cyf more heat sources to a selected 
section of the formation; 

controlling the heat from the one or moW heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture from the formation. 

2. The method of claim 1 , wherein the dne or more heat sources comprise at least 
two heat sources, and wherein superpositior/ of heat from at least the two heat sources 
pyrolyzes at least some coal within the selected section of the formation. 

3. The method of claim 1, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

4. The method of claim 1, where/n the one or more heat sources comprise electrical 
heaters. 

5. The method of claim 1, wh^ ✓rein the one or more heat sources comprise surface 
burners. 

6. The method of claim 1, ^herein the one or more heat sources comprise flameless 
distributed combustors. 



7. The method of claim 1 , 
distributed combustors. 



wherein the one or more heat sources comprise natural 
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8. The method of claim 1 ? further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tempej&ture, or the temperature is controlled as 
a function of pressure. 

9. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. 



; ljl5 1 1 . The method of claim 1 ? further comprising controlling the heat such that an 
^ average heating rate of the selected section is less than about 1 °C per day during 
P pyrolysis. 

:SS 2 J 

™ 12. The method of claim 1, wherein providing heat from the one or more heat sources 
20 to at least the portion of formation comprises: 

heating a selected volume (Vj of the coal formation from the one or more heat 
sources, wherein the formation has In average heat capacity(C v ) ? and wherein the heating 
pyrolyzes at least some coal within /the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heatint energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

30 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 

/ 

1 4. The method of claim 1 , wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a' thermal conductivity of at least a 
portion of the selected section is greater than abc/ut 0.5 W/(m °C). 



15. The method of claim 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons having an API gravity of at least about 25°. 



20 



16. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by /weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 7. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratid of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

1 8. The method of claim 1, whereih the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 P/o by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



19. The method of claim 1, whe/ein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less thaA about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20. The method of claim 1, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less t 



30 basis, of the condensable hydrocarbons is oxygen. 



tan about 1 % by weight, when calculated on an atomic 
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2 1 . The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %' by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfifir. 

23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

24. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abodt 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arorfiatics with more than two rings. 

25. The method of claim 1, whereih the produced mixture comprises condensable 
hydrocarbons, and wherein less than dbout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5% by weight to about 30 % by weight of the 
condensable hydrocarbons are cyc/oalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non- 
condensable component, whereiri the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. I 



221 



Conley, Rose & Tayon, P.C. 



28. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

29. The method of claim 1, wherein the produced mixture comprises ammonia, and 

wherein the ammonia is used to produce fertilizer. x 

/ 

/ 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. j 

3 1 . The method of claim 1 , further comprising controlling formation conditions such 
that the produced mixture comprises a partial pressure of H 2 within the mixture greater 
than about 0.5 bar. / 

32. The method of claim 3 1 , wheifein the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

33. The method of claim 1, wherein controlling formation conditions comprises 
recirculating a portion of hydroger/ from the mixture into the formation. 

34. The method of claim 1, 
formation to inhibit production 
numbers greater than about 25. 

35. The method of claim 1 Jfurther comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 



ther comprising altering a pressure within the 
hydrocarbons from the formation having carbon 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



37. The method of claim 1, wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

39. The method of claim 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable? hydrocarbons, as measured by Fischer Assay. 

40. The method of claim 1, whereinWoducing the mixture comprises producing the 
mixture in a production well, and whe^bin at least about 7 heat sources are disposed in the 
formation for each production well. 

41 . The method of claim 1 , furthfer comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a u^it of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of rfie formation, wherein three or more of the heat sources 
are located in the formation ink unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern/ and wherein a plurality of the units are repeated over an 



area of the formation to form 



43. The method of claim 
gas stream and a liquid streajn 



a repetitive pattern of units. 



, further comprising separating the produced mixture into a 
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44. The method of claim 1, further comprising separating the produced mixture into a 
gas stream and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 

5 45. The method of claim 1 , wherein the produced mixture comprises H 2 S, the method 
further comprising separating a portion of the H 2 S from non-condensable hydrocarbons. 

46. The method of claim 1 , wherein the produced mixture comprises C0 2 , the method 
further comprising separating a portion pf the C0 2 from non-condensable hydrocarbons. 

10 

| 47. The method of claim 1 ? wherein the mixture is produced from a production well, 
9 wherein the heating is controlled such/that the mixture can be produced from the 
l formation as a vapor. 

M5 48. The method of claim 1, wherein the mixture is produced from a production well, 
the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture withih the wellbore. 

49. The method of claim 1, \*herein the mixture is produced from a production well, 
20 wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wjbllbore, and further comprising heating the formation with 
the heater element to produce tfie mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas Component and H 2 . 

25 50. The method of claim jl , wherein the minimum pyrolysis temperature is about 270 
°C. 

5 1 . The method of claim 1 , further comprising maintaining the pressure within the 
formation above about 2.0 |>ar absolute to inhibit production of fluids having carbon 
30 numbers above 25. 
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52. The method of claim 1, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 

/ 

53. The method of claim 1, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 1 00 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 



15 



20 



54. A method of treating a coal formation in situ, comprising: 

providing heat from one or ipore heat sources to at least a portion of the 
formation; 

allowing the heat to transfei from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation; and 

producing a mixture froni the formation. 



25 



55. The method of claim 54/ wherein the one or more heat sources comprise at least 
two heat sources, and wherein Superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



56. The method of claim ^4, wherein the one or more heat sources comprise electrical 
heaters. 



30 57. The method of claim 
burners. 



54, wherein the one or more heat sources comprise surface 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributed combustors. 

59. The method of claim 54, wherein the one or more heat sources comprise natural 
distributed combustors. 

60. The method of claim 54, further comprising controlling a pressure and a 
temperature within at least a majority of th^ selected section of the formation, wherein 
the pressure is controlled as a function of ^femperature, or the temperature is controlled as 
a function of pressure. 

6 1 . The method of claim 54, furthey comprising controlling the heat such that an 
average heating rate of the selected sec/tion is less than about 1 .0 ° C per day during 
pyrolysis. 

62. The method of claim 54, whirein providing heat from the one or more heat 
sources to at least the portion of forfnation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation hai an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarh'ons within the selected volume of the formation; and 

wherein heating energy/diy provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/ equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulki density, and wherein the heating rate is less than about 10 
°C/day. 



63. The method of claim 
sources comprises heating the 
a portion of the selected section 



4, wherein providing heat from the one or more heat 
selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 



226 



Conley, Rose & Tayon, P C. 



64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

j 

67. The method of claim 54, wtyerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 5% wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesfe than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiri less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

70. The method of clfaim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein kbout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



73. The method of claim 54, wherein the ytoduced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
; ^ hydrocarbons are asphaltenes. / 

U. 74. The method of claim 54, wherein j/ne produced mixture comprises condensable 
i; p hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
iXB5 condensable hydrocarbons are cycloalkanes. 

;j: 75. The method of claim 54, wherein the produced mixture comprises a non- 
; p condensable component, wherein the/non-condensable component comprises hydrogen, 
2 wherein the hydrogen is greater thai! about 10 % by volume of the non-condensable 
20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

76. The method of claim 54, iwherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

25 / 

77. The method of claim 5ft, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used/to produce fertilizer. 

78. The method of claimf 54, further comprising controlling a pressure within at least 
30 a majority of the selected sdction of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute/. 



hydrocarbons comprises multi-ring aromatics with more than two rings. 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

5 

80. The method of claim 79, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

8 1 . The method of claim 54, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from theWxture into the formation. 

83. The method of claim 54, further comprising; 
providing hydrogen (H 2 ) to the fyeated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section^ with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

25 85. The method of claim 54, Avherein allowing the heat to transfer comprises 

increasing a permeability of a n/ajority of the selected section to greater than about 100 
millidarcy. 

86. The method of claim 34, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 



20 



229 



Conley, Rose & Tayon, P C. 



87. The method of claim 54, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



10 



89. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o/ heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



I T 90. The method of claim 54, further co/nprising providing heat from three or more 

i p heat sources to at least a portion of the formation, wherein three or more of the heat 

ill 5 sources are located in the formation in a/unit of heat sources, wherein the unit of heat 

^ sources comprises a triangular pattern, And wherein a plurality of the units are repeated 

£ over an area of the formation to form k repetitive pattern of units. 

h 91 . A method of treating a coal formation in situ, comprising: 
! ^0 providing heat from one or pore heat sources to at least a portion of the 

formation; 

allowing the heat to transi^r from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 



30 



92. The method of claim p\ 9 wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 94. The method of claim 91 ? wherein the one or mor^ heat sources comprise electrical 
heaters. 

95. The method of claim 91, wherein the one oj/more heat sources comprise surface 
burners. 

10 

!, f 96. The method of claim 91, wherein the oj4e or more heat sources comprise flameless 
i;0 distributed combustors. 

: p 97. The method of claim 91, wherein tbje one or more heat sources comprise natural 
i ;3 5 distributed combustors. 



20 



98. The method of claim 91, further Comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functioryof temperature, or the temperature is controlled as 
a function of pressure. 



25 
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99. The method of claim 91 , fujtfher comprising controlling the heat such that an 
average heating rate of the selectee]/ section is less than about 1 °C per day during 
pyrolysis. 

100. The method of claim 91, Wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volum 5 (V) of the coal formation from the one or more heat 
sources, wherein the formation 1 as an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



10 



101. The method of claim 9 1 , wherein allowing the he^t to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abo/it 25°. 



# 103. The method of claim 91, wherein the produced mixture comprises condensable 
i;i5 hydrocarbons, and wherein about 0.1 % by wejfeht to about 15 % by weight of the 
^ condensable hydrocarbons are olefins. 



20 



104. The method of claim 91, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein ^molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from a/bout 0.001 to about 0.15. 



25 



105. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

106. The method of claim 91, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 09. The method of claim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

110. The method of claim 91, wherein the prodyced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % bjf weight of the condensable 
hydrocarbons comprises multi-ring aromatics w/th more than two rings. 

111. The method of claim 91 , wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0/3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

112. The method of claim 91 , wherein pe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by/weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkalnes. 

113. The method of claim 9 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the hon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 
component, and wherein the hydrogjbn is less than about 80 % by volume of the non- 
condensable component. 
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114. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 



116. The method of claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 



10 



least about 2.0 bar absolute. 

117. The method of claim 91, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons And H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar/ 



; y 1 5 118. The method of claim 117, wherein the partial pressure of H2 is measured when the 

i; 

3 mixture is at a production well. 

5 119. The method of claim 91, furthe/ comprising altering a pressure within the 

formation to inhibit production of hydrocarbons from the formation having carbon 
20 numbers greater than about 25. 

120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

25 121. The method of claim 9 A , further comprising: 

providing hydrogen (^I 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of Ahe section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



5 123. The method of claim 91, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

124. The method of claim 91, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 



ro 



125. The method of claim 91, further comprising controlling the heat to yield greater 

hy< 

/ 



than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



pjl5 126. The method of claim 91, wherein producing the mixture comprises producing the 
n _ mixture in a production well, and wherein/at least about 7 heat sources are disposed in the 



formation for each production well. 



127. The method of claim 91, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation i/i a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patteti 



128. The method of claim 91, fwther comprising providing heat from three or more 
25 heat sources to at least a portion ot the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/ form a repetitive pattern of units. 

30 129. A method of treating a /coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
5 controlling the heat from the one or more heat sources such that an average 

temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure within at least a majority of the selected section of the 
10 formation, wherein the controlled pressure is at 1^4st 2.0 bar; and 

□ producing a mixture from the formation, /wherein about 0.1 % by weight of the 

i S produced mixture to about 15 % by weight of the produced mixture are olefins, and 
; wherein an average carbon number of the produced mixture ranges from 1-25. 

; ^5 130. The method of claim 129, wherein tljfe one or more heat sources comprise at least 

t 

; m two heat sources, and wherein superpositioji of heat from at least the two heat sources 
i5 pyrolyzes at least some hydrocarbons within the selected section of the formation. 

^ 131. The method of claim 129, wherein controlling formation conditions comprises 
20 maintaining a temperature within the se/ected section within a pyrolysis temperature 
range. 



25 
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132. The method of claim 129, wherein the one or more heat sources comprise 
electrical heaters. 

133. The method of claim 129, \yherein the one or more heat sources comprise surface 
burners. 



134. The method of claim 129, 
flameless distributed combustors. 



wherein the one or more heat sources comprise 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 



10 



is 



20 



136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 

/ 

a function of pressure. / 



137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate of the selected section is iJss than about 1 °C per day during 
pyrolysis. 



138. The method of claim 129, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an ave/rage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons wimin the selected volume of the formation; and 

wherein heating energy/day proyided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatpn: 

Pwr = /**F*C v *p B 

wherein Pwr is the heating en&rgy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



25 139. The method of claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



30 



140. The method of claim 129, 
sources comprises heating the sel 
a portion of the selected section is 



wherein providing heat from the one or more heat 
cted section such that a thermal conductivity of at least 
greater than about 0.5 W/(m °C). 
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141. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



5 142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/' 

143. The method of claim 129, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
P basis, of the condensable hydrocarbons is nitrogen. 

: ^ 144. The method of claim 129, wherein/the produced mixture comprises condensable 
<:p hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
I'ljs basis, of the condensable hydrocarbons oxygen. 

p 145. The method of claim 129, wheifein the produced mixture comprises condensable 
| hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
3 basis, of the condensable hydrocarbcms is sulfur. 



20 



25 



146. The method of claim 129, Wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 1291 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 149. The method of claim 129, wherein the.produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

150. The method of claim 129, wherein the produc^l mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to aliout 30 % by weight of the 

;3 condensable hydrocarbons are cycloalkanes. / 

151. The method of claim 1 29, wherein the produced mixture comprises a non- 

p condensable component, wherein the non-condensable component comprises hydrogen, 
& wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less tnan about 80 % by volume of the non- 

IBS. / 

g condensable component. / 

3 152. The method of claim 129, wherein pe produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, where/n the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hynrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

155, The method of claim 154, wherein the partial pressure of H2 is measured when the 
30 mixture is at a production well. / 
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156. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



157. The method of claim 129, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least/^ portion of the produced hydrogen. 

/ 

159. The method of claim 129, wherein allo/ving the heat to transfer comprises 
increasing a permeability of a majority of th& selected section to greater than about 100 
millidarcy. / 

/ 

160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section, 

161 . The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

162. The method of claim 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

163. The method of claim 12f9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

/ 

/ 

/ 

165. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

167. The method of claim 129, wherein the produced mixture comprises H2S, the 
method further comprising separating af portion of the H2S from non-condensable 
hydrocarbons. 

168. The method of claim 129, wAerein the produced mixture comprises C0 2? the 
method further comprising separat^ig a portion of the CO2 from non-condensable 
hydrocarbons. 

169. The method of claim 129/, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 



1 70. The method of claim 
well, the method further comjpnsin 
condensation of the mixture 



29, wherein the mixture is produced from a production 
ising heating a wellbore of the production well to inhibit 
\lathin the wellbore. 
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171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H 2 . 

172. The method of claim 129, wherein the minimum pyrolysis temperature is about 



270 °C. 



/ 



/ 



10 173. The method of claim 129, further comprising maintaining the pressure within the 
Q formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 

Jt g 174. The method of claim 129, furthe^comprising controlling pressure within the 
:|j5 formation in a range from about atmosmieric pressure to about 100 bar absolute, as 

measured at a wellhead of a production well, to control an amount of condensable fluids 
: E; within the produced mixture, wherein the pressure is reduced to increase production of 
j if condensable fluids, and wherein theypressure is increased to increase production of non- 
O condensable fluids. 
! 20 

175. The method of claim 129,/fiirther comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixttire, wherein the pressure is reduced to decrease the API 
25 gravity, and wherein the pressure is increased to reduce the API gravity. 



30 



1 76. A method of treating a coal formation in situ, comprising: 

providing heat from o le or more heat sources to at least a portion of the 
formation; 

allowing the heat to trjansfer from the one or more heat sources to a selected 
section of the formation; 
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controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 
producing a mixture from the formation. 

5 177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 



10 



178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production j^ell located in the formation. 

179. The method of claim 176, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of/neat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



\'$5 180. The method of claim 176, wherein controlling formation conditions comprises 

:^ maintaining a temperature within the selected section within a pyrolysis temperature 

jf range. 

•3 181. The method of claim 1 76, wherejii the one or more heat sources comprise 

=4-. 

20 electrical heaters. 

182. The method of claim 176, wherein the one or more heat sources comprise surface 
burners. 



25 183. The method of claim 176, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 84. The method of claim 176, wherein the one or more heat sources comprise natural 
distributed combustors. 

30 
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185. The method of claim 176, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5 

186. The method of claim 176, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

10 187. The method of claim 1 76, wherein providing heat from the one or more heat 
'3 sources to at least the portion of formation comprises: 

rg heating a selected volume (V) of the cbal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

S / 

rfl5 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

[] wherein Pwr is calculated by the equation 
=S Pwr = /?*F*C v *p* 

5 wherein Pwr is the heating energy/day, h is an average heating rate of the 

^ formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 

188. The method of claim 1 76, Wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 1 89. The method of claim 1 76,/wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section 4s greater than about 0.5 W/(m °C). 



190. The method of claim 
30 hydrocarbons having an API gi 



17)5, wherein the produced mixture comprises condensable 
rjavity of at least about 25°. 
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191 . The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

5 192. The method of claim 176, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 
/ 

193. The method of claim 176, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
\ 3 basis, of the condensable hydrocarbons is nitrogen. 

P 194. The method of claim 176, wherein the produced mixture comprises condensable 
V hydrocarbons, and wherein less than about k % by weight, when calculated on an atomic 
!;55 basis, of the condensable hydrocarbons is Oxygen. 



20 
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195. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % Jby weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise/phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 199. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

/ 

200. The method of claim 176, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
3 condensable hydrocarbons are cycloalkanes. 



yA5 



201 . The method of claim 1 76, wherejin the produced mixture comprises a non- 
condensable component, wherein the n<?n-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



3 202. The method of claim 176, ^herein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 Vdby weight of the produced mixture is ammonia. 

203. The method of claim 176t wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to Produce fertilizer. 



25 204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

205. The method of claim '204, wherein the partial pressure of H 2 is measured when the 
30 mixture is at a production well. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater tlian about 25. 

5 207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



208. The method of claim 176, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

3 heating a portion of the section with heat' from hydrogenation. 



209. The method of claim 176, wherein the produced mixture comprises hydrogen and 

/ 

condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
'Ms produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

{ E 210. The method of claim 176, wherein allowing the heat to transfer comprises 
1 J increasing a permeability of a majority <j>f the selected section to greater than about 100 
□ millidarcy. 

: 20 

211. The method of claim 176, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 

212. The method of claim 176, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



213. The method of claim 176, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

214. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and j 

producing a mixture from the formation. 



r&5 



215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature within the/selected section within a pyrolysis temperature 
range. 



20 217. The method of claim 214, yvherein the one or more heat sources comprise 
electrical heaters. 



25 



218. The method of claim 21^, wherein the one or more heat sources comprise surface 
burners. 



219. The method of claim 2 
flameless distributed combustdrs 



220. The method of claim 2 
30 distributed combustors. 



4, wherein the one or more heat sources comprise 



4, wherein the one or more heat sources comprise natural 
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221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

5 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abo^it 1 °C per day during 
pyrolysis. 

10 223. The method of claim 214, wherein providing Meat from the one or more heat 
l!3 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
; r sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
»S pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
: Cl5 wherein heating energy/day provided jo the volume is equal to or less than Pwr, 

!i wherein Pwr is calculated by the equation; 

|; Pwr = h*V*C v *p B 

% wherein Pwr is the heating energyAlay, h is an average heating rate of the 

3 formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 10 
20 °C/day. 

224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



225. The method of claim 214, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 



a portion of the selected section is 



226. The method of claim 2 1 A. 



30 hydrocarbons having an API gravity of at least about 25°. 

1 



greater than about 0.5 W/(m °C). 



wherein the produced mixture comprises condensable 



249 



Conley, Rose & Tayon, P C. 



227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

0 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 t 1 230. The method of claim 214, wherein the/produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
! >J5 basis, of the condensable hydrocarbons is nitrogen. 

p 23 1 . The method of claim 214, whereZi the produced mixture comprises condensable 
| hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
^ basis, of the condensable hydrocarbons is oxygen. 
20 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

25 233. The method of claim 2R wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



\ 
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234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

236. The method of claim 214, wherein the pi/>duced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 fA by weight of the condensable 
hydrocarbons are asphaltenes. 

237. The method of claim 214, wherein tfie produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by \jteight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanfes. 

238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogep is less than about 80 % by volume of the non- 
condensable component. 

239. The method of claim 214, \^herein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

240. The method of claim 2 14 J wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



24 1 . The method of claim 2 1 
controlling the heat such that co 



wherein controlling the heat further comprises 
ke production is inhibited. 
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242, The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

5 243. The method of claim 242, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
10 numbers greater than about 25. 



245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen frony the mixture into the formation. 



fe 246, The method of claim 214, further comprising: 

providing hydrogen (H2) to tip heated section to hydrogenate hydrocarbons 
'% within the section; and j 

heating a portion of the seclfton with heat from hydrogenation. 



20 247. The method of claim 214/wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. The method of claim 2jl4, wherein allowing the heat to transfer comprises 
25 increasing a permeability of aj majority of the selected section to greater than about 100 
millidarcy. 
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249. The method of claim 
substantially uniformly 



214, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 
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250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

) 

251 . The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at l^ast about 7 heat sources are disposed in 
the formation for each production well. 



10 



252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



i-ao 



25 
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253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form ai repetitive pattern of units. 

254. A method of treating a coal formation in situ, comprising: 
providing heat from one or m<pre heat sources to at least a portion of the 

formation; 

allowing the heat to transfer |rom the one or more heat sources to a selected 
section of the formation; 

producing a mixture from thjb formation, wherein at least a portion of the mixture 
is produced during the pyrolysis anp the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressure within at least a majority of the selected section above 
about 2.0 bar absolute. 



255. The method of claim 254 
two heat sources, and wherein sup 
pyrolyzes at least some hydrocarbons 



vherein the one or more heat sources comprise at least 
rposition of heat from at least the two heat sources 
within the selected section of the formation. 
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256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



5=3 : 
3 U 



257. The method of claim 254, wherein the one or more heat sources comprise 
electrical heaters. n 

n 

258. The method of claim 254, wherein the on^ or more heat sources comprise surface 
10 burners. 

259. The method of claim 254, wherein the/one or more heat sources comprise 
flameless distributed combustors. 

15 260. The method of claim 254, wherein )ftie one or more heat sources comprise natural 
distributed combustors. 

261 . The method of claim 254, furtherf comprising controlling the pressure and a 
temperature within at least a majority oflthe selected section of the formation, wherein 
20 the pressure is controlled as a function pf temperature, or the temperature is controlled as 
a function of pressure. 



262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected spction is less than about 1 °C per day during 
25 pyrolysis. 
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263. The method of claim 254 
sources to at least the portion of forjnation 

heating a selected volume (J 7 ) 
sources, wherein the formation has 
pyrolyzes at least some hydrocarbons 



erein providing heat from the one or more heat 
comprises: 

of the coal formation from the one or more heat 
an average heat capacity (C v ) ? and wherein the heating 
within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 



10 



264. The method of claim 254, wherein allowing th^ heat to transfer comprises 
transferring heat substantially by conduction. 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section su/h that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 266. The method of claim 254, wherein theiproduced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



20 



267. The method of claim 254, wherein ttie produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



268. The method of claim 254, wherein the produced mixture comprises non- 



condensable hydrocarbons, and wherei 



about 0.1 % by weight to about 15 % by weight 



of the non-condensable hydrocarbons are olefins. 

269. The method of claim 254, wheiein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from! about 0.001 to about 0.15. 
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270. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. / 

/ 
/ 

272. The method of claim 254, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
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basis, of the condensable hydrocarbons is sulfur. / 

/ 



/ 

273. The method of claim 254, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight tp about 30 % by weight of the condensable 
i%} 15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
^ containing compounds comprise phenols. / 



274. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



20 hydrocarbons are aromatic compounds. 



275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^p about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



\ 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



5 278. The method of claim 254, wherein the produced mixture comprises a non- 

/ 

condensable component, wherein the non-condensable component comprises hydrogen, 

/ 1 

wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 



10 



H ; 

1? 
SI 

111 



15 



20 



condensable component. 

279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilper. 

281 . The method of claim 254, wherein ttye pressure is measured at a wellhead of a 
production well. 

282. The method of claim 254, whereirjf the pressure is measured at a location within a 
wellbore of the production well. 



25 



283. The method of claim 254, wherpin the pressure is maintained below about 100 bar 
absolute. 

284. The method of claim 254, furxher comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2 ? wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



30 285. The method of claim 284, vfherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5- 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture /into the formation. 

/ 

288. The method of claim 254, further comprising: 

10 providing hydrogen (H2) to the heated section to hydro genate hydrocarbons 

^- within the section; and / 

lis j 

sjp heating a portion of the section with heat from hydrogenation. 

I I 

■|p 289. The method of claim 254, wherein tfie produced mixture comprises hydrogen and 

III 15 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 

% ■ - / 

ill / 

,p 290. The method of claim 254, wherein allowing the heat to transfer comprises 

r; increasing a permeability of a majority/of the selected section to greater than about 100 

20 millidarcy. 

291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 292. The method of claim 254,/further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

293. The method of claim 254, wherein producing the mixture comprises producing 



the mixture in a production wel 



30 the formation for each production well 



, and wherein at least about 7 heat sources are disposed in 
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294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a coal formation/in situ, comprising: 
providing heat from one or more heajt sources to at least a portion of the 

formation; 

15 allowing the heat to transfer from^ie one or more heat sources to a selected 

section of the formation; 

maintaining a pressure within at /east a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the fibrmation, wherein the produced mixture comprises 
20 condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 



25 



30 



297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



298. The method of claim 296 
maintaining a temperature withm 
range. 



, wherein controlling formation conditions comprises 
the selected section within a pyrolysis temperature 
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299. The method of claim 296, wherein the one or more heat sources comprise 
electrical heaters. 

300. The method of claim 296, wherein the one or more heat sources comprise surface 
5 burners. 



10 



301. The method of claim 296, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 

302. The method of claim 296, wherein the one \>r more heat sources comprise natural 
distributed combustors. 



4= 

111 



303. The method of claim 296, further composing controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

1 5 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section^s less than about 1 °C per day during 

20 pyrolysis. 



305. The method of claim 296, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of/the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day pre vided to the volume is equal to or less than Pwr 7 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



306. The method of claim 296, wherein allowing fjhe heat to transfer comprises 
transferring heat substantially by conduction. / 

307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section ^uch that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

308. The method of claim 296, wherein ^!he produced mixture comprises condensable 
hydrocarbons having an API gravity of atyleast about 25°. 

/ 

309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/J by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins./ 

310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

311. The method of claim 296, ^herein the produced mixture comprises non- 
condensable hydrocarbons, and wmerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

312. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

\ 

\ 
\ 

\ 
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313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, y 

315. The method of claim 296, wherein the prc/duced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
O hydrocarbons comprise oxygen containing confounds, and wherein the oxygen 

ill 

l|l containing compounds comprise phenols. 



in 



15 



20 



25 



316. The method of claim 296, wherein t^e produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

317. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aro^matics with more than two rings. 

318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than /about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. I 

f 

3 1 9. The method of claim 296, Wherein the produced mixture comprises condensable 



hydrocarbons, and wherein about 5 



condensable hydrocarbons are cyclpalkanes. 



30 320. The method of claim 296, 
condensable component, wherein 



% by weight to about 30 % by weight of the 



wherein the produced mixture comprises a non- 
non-condensable component comprises hydrogen, 



the 



\ 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



321 . The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.3 bar. 

324. The method of claim 296, whereijn the partial pressure of H 2 is measured when the 
mixture is at a production well. 

325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



327. The method of claim 296, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectlion with heat from hydrogenation. 
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328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



329. The method of claim 296, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

330. The method of claim 296, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



331. The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



332. The method of claim 296, wherein producing the mixture comprises producing 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

the formation for each production well, j 

f 

333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of ther formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

sources comprises a triangular pattern. 

i 

i 

I 

334. The method of claim 296, fiirther comprising providing heat from three or more 
heat sources to at least a portion of (the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



ern, and wherein a plurality of the units are repeated 



sources comprises a triangular pat 
over an area of the formation to farm a repetitive pattern of units. 

335. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 



if J 

US 



10 



m' 15 



20 



336. The method of claim 335, wherein the one or/more heat sources comprise at least 
two heat sources, and wherein superposition of heat/from at least the two heat sources 



pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 

337. The method of claim 335, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



range. 



/ 
/ 



338. The method of claim 335, wherein the? one or more heat sources comprise 
electrical heaters. / 

339. The method of claim 335, wherein /he one or more heat sources comprise surface 
burners. 



340. The method of claim 335, where/n the one or more heat sources comprise 
25 flameless distributed combustors. 



341 . The method of claim 335, wheijein the one or more heat sources comprise natural 
distributed combustors. 



30 342. The method of claim 335 

temperature within at least a majority 



further comprising controlling the pressure and a 
of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

344. The method of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

J J pyrolyzes at least some hydrocarbons within the /selected volume of the formation; and 

wherein heating energy/day provided to^the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

15 Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/da^, h is an average heating rate of the 
3 / 

|: formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

I °C/day. / 



111 



m / 

20 345. The method of claim 335, wherein kllowing the heat to transfer comprises 
transferring heat substantially by conduction. 



346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

347. The method of claim 335, wherpin the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 
of the non-condensable hydrocarbons are olefins. 



condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 



350. The method of claim 335, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0/001 to about 0.15. 



351. The method of claim 335, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
fl 15 basis, of the condensable hydrocarbons is ytrogen. 



352. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiit 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons As oxygen. 

353. The method of claim 335, whdrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen co ntaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are Aromatic compounds. 



i - 

In? 



356. The method of claim 335, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 

/ 

hydrocarbons comprises multi-ring aromatics with m^re than two rings. 



357. The method of claim 335, wherein the produped mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % b^ weight of the condensable 

p hydrocarbons are asphaltenes. / 

/ 

358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighy to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanes. / 



a i 



359. The method of claim 335, wherein the^produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about ll) % by volume of the non-condensable 

20 component, and wherein the hydrogen is le<p than about 80 % by volume of the non- 
condensable component. 

360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 / 

/ 

361 . The method of claim 335, wherefin the produced mixture comprises ammonia, and 

f 

wherein the ammonia is used to producp fertilizer. 

i 

362. The method of claim 335, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2? wherein a partial pressure of H2 

within the mixture is greater than about 0.5 bar. 
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363. The method of claim 335, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, further. comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

365. The method of claim 335, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

366. The method of claim 335, further comp/ising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with Meat from hydrogenation. 

367. The method of claim 335, wherein me produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons witty at least a portion of the produced hydrogen. 

368. The method of claim 335, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. / 

369. The method of claim 335, wnerein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of cond ^nsable hydrocarbons, as measured by Fischer Assay. 
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37 L The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



Jvidh 



372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sqfarces, and wherein the unit of heat 
sources comprises a triangular pattern. 



m 

.•■jt- 



.0 



10 373. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetiti\je pattern of units. 

15 

374. A method of treating a coal formation An situ, comprising: 

providing heat from one or more heat/sources to at least a portion of the 
formation; 

allowing the heat to transfer from th£ one or more heat sources to a selected 
20 section of the formation; 

maintaining a pressure within at le^st a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
25 components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 



30 



375. The method of claim 374, whe 
two heat sources, and wherein superposition 
pyrolyzes at least some hydrocarbons 



ein the one or more heat sources comprise at least 

of heat from at least the two heat sources 
within the selected section of the formation. 
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376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. 

/' 

/' 

378. The method of claim 374, wherein the one or rt^ore heat sources comprise surface 
burners. ^ 

379. The method of claim 374, wherein the one ^or more heat sources comprise 
flameless distributed combustors. j 

,p 380. The method of claim 374, wherein the one or more heat sources comprise natural 

3- 15 distributed combustors. / 

/ 

J; 381. The method of claim 374, further comprising controlling the pressure and a 

v\\ I 

B ~; temperature within at least a majority of me selected section of the formation, wherein 

13 the pressure is controlled as a function oy temperature, or the temperature is controlled as 

jjsi: 

20 a function of pressure. 

382. The method of claim 374, former comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

25 

383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/(F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocaijbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr /2*F*C v */># 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



4* 
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384. The method of claim 374, wherein allowing the heat to transfer comprises 



transferring heat substantially by conduction. 



/ 



/ 



385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 

386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



ill 
P 
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387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about fl.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



5 391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic' 
basis, of the condensable hydrocarbons is oxygen. / 

392. The method of claim 374, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, i 

<P 393. The method of claim 374, wherein the produced mixture comprises condensable 

„p hydrocarbons, wherein about 5 % by weight to ^bout 30 % by weight of the condensable 

*h % 15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



m 



f 



25 



394. The method of claim 374, wherein tj(e produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about .5 % by weight of the condensable 
hydrocarbons comprises multi-ring aroinatics with more than two rings. 



396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ab^dt 80 % by volume of the non- 
condensable component. ^ 

399. The method of claim 374, wherein the produced mixture comprises ammonia, and 



jij wherein greater than about 0.05 % by weight of/the produced mixture is ammonia. 

;P / 

,p 400. The method of claim 374, wherein the produced mixture comprises ammonia, and 

15% 15 wherein the ammonia is used to produce fertilizer. 



401 . The method of claim 374, further comprising controlling formation conditions to 
§tl produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
O within the mixture is greater than about/0.5 bar. 
**' 20 

402. The method of claim 374, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

403. The method of claim 374, farther comprising altering the pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

404. The method of claim 37|, further comprising: 



providing hydrogen (H 2 
30 within the section; and 

heating a portion of the 



i to the heated section to hydrogenate hydrocarbons 
section with heat from hydrogenation. 
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405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 

407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



€1 / 

m i 

41 408. The method of claim 374, further comprising controlling the heat to yield greater 

j: than about 60 % by weight of condeysable hydrocarbons, as measured by Fischer Assay. 

:f: i5 / 

Si 409. The method of claim 374, Wherein producing the mixture comprises producing 

' |s the mixture in a production well, a/id wherein at least about 7 heat sources are disposed in 

III the formation for each production/well. 

H 20 410. The method of claim 37% further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular /pattern. 

25 411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a triangu 



ar pattern, and wherein a plurality of the units are repeated 



over an area of the formation to form a repetitive pattern of units. 
412. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
5 pyrolyzes at least about 20 % by weight of hydrocarbdns within the selected section of 
the formation; and 

producing a mixture from the formation, f 

413. The method of claim 412, wherein the/one or more heat sources comprise at least 
10 two heat sources, and wherein superposition/of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons withjn the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 

15 range. 

415. The method of claim 412, ^herein the one or more heat sources comprise 
electrical heaters. 

20 416. The method of claim 41^, wherein the one or more heat sources comprise surface 
burners. 

417. The method of claim k 12, wherein the one or more heat sources comprise 
flameless distributed combqstors. 

25 

418. The method of clai^n 412, wherein the one or more heat sources comprise natural 
distributed combustors. 

419. The method of claim 412, further comprising controlling a pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

421. The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume (V) of the coal/formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided ^o the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/flay, h is an average heating rate of the 
formation, p B is formation bulk density, apd wherein the heating rate is less than about 10 
°C/day. 

20 422. The method of claim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



423. The method of claim 412, wl/erein providing heat from the one or more heat 

/ 

sources comprises heating the selected formation such that a thermal conductivity of at 
25 least a portion of the selected sectic/n is greater than about 0.5 W/(m °C). 

/ 

424. The method of claim 412, /wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



\ 
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425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



5 426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

/ 

427. The method of claim 412, wherein the produced' mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 



4* 



20 



429. The method of claim 412, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

430. The method of claim 412, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 43 1 . The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



\ 
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432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

I 

433. The method of claim 41 2, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



434. The method of claim 412, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 °/o by weight of the condensable 
hydrocarbons are asphaltenes. 



435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



'%l 15 condensable hydrocarbons are cycloalkanes. 



p 436. The method of claim 412, wherein the produced mixture comprises a non- 

T" / 

^ condensable component, wherein the non-condensable component comprises hydrogen, 

/ 

wherein the hydrogen is greater thaiy about 10 % by volume of the non-condensable 



20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

437. The method of claim 412f, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



438. The method of claim 412, wherein the produced mixture comprises ammonia, and 



wherein the ammonia is usee 



439. The method of claim 



to produce fertilizer. 



412, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 1 
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440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

5 

441. The method of claim 412, wherein the partial pressure of H2 is measured when the 

mixture is at a production well. / 

/ 

/ 

442. The method of claim 412, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



15 



20 



444. The method of claim 412, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section vfrith heat from hydrogenation. 

445. The method of claim 412, whdrein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 446. The method of claim 412, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



447. The method of claim 412, wherein allowing the heat to transfer comprises 



30 substantially uniformly increas 



ng a permeability of a majority of the selected section. 
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448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

449. The method of claim 412, wherein producing the mixture comprises producing 

5 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/ 

450. The method of claim 412, further comprising providing heat from three or more 

/ 

heat sources to at least a portion of the formation/ wherein three or more of the heat 
10 sources are located in the formation in a unit of/heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

m . 

,il 451. The method of claim 412, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 
15 sources are located in the formation in a/mit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, And wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a coal formation in situ, comprising: 
20 providing heat from one or ipore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of jnydrocarbons within the selected section of the 
25 formation; and 

producing a mixture from the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. 

453. The method of claim 4:>2, wherein the one or more heat sources comprise at least 



30 two heat sources, and wherein 



superposition of heat from at least the two heat sources 



pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. 



456. The method of claim 452, wherein the one or more heat sources comprise surface 

burners. / 

/ 

i 

457. The method of claim 452, wherein the one/ or more heat sources comprise 
flameless distributed combustors. j 

! 

458. The method of claim 452, wherein th^ one or more heat sources comprise natural 

15 distributed combustors. j 

/ 

1^1 j 

459. The method of claim 452, further/comprising controlling a pressure and a 

/ 

temperature within at least a majority of the selected section of the formation, wherein 
Cl the pressure is controlled as a functiory'of temperature, or the temperature is controlled as 

* 20 a function of pressure. 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

25 / 

461. The method of claim 45^, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydro jarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



10 



462. The method of claim 452, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction./ 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



m 



m 



15 464. The method of claim 452, wherpin the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



465. The method of claim 452, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



25 



466. The method of claim 452 
condensable hydrocarbons, and 
condensable hydrocarbons ranges 



^herein the produced mixture comprises non- 
wtterein a molar ratio of ethene to ethane in the non- 
from about 0.001 to about 0.15. 



467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th m about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 
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468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



5 469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur./ 

470. The method of claim 452, wherein the/produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing^ompounds, and wherein the oxygen 
containing compounds comprise phenols./ 



471. The method of claim 452, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater thap about 20 % by weight of the condensable 

hydrocarbons are aromatic compounc 

472. The method of claim 452, vs^herein the produced mixture comprises condensable 
hydrocarbons, and wherein less thabi about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ririg aromatics with more than two rings. 



25 
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473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



475. The method of claim 



452, wherein the produced mixture comprises a non- 



condensable component, whdrein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



m 
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477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. . 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of the formatipn, wherein the controlled pressure is at 



least about 2.0 bar absolute. 



/ 
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479. The method of claim 452, further comprising controlling formation conditions to 

produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

within the mixture is greater than about O.fj'bar. 

/ 

/ 

480. The method of claim 452, wherei^ the partial pressure of H2 is measured when the 
mixture is at a production well. j 

/ 

48 1 . The method of claim 452, furthejr comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



482. The method of claim 452, whe 
recirculating a portion of hydrogen frqm 



483. The method of claim 452, furtier comprising: 



providing hydrogen (H2) to the 
within the section; and 



ein controlling formation conditions comprises 
the mixture into the formation. 



heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 



484, The method of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

487. The method of claim 452, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452, whereiy producing the mixture comprises producing 
the mixture in a production well, and whjerein at least about 7 heat sources are disposed in 
the formation for each production well. 



489. The method of claim 452, furtHer comprising providing heat from three or more 
heat sources to at least a portion of th£ formation, wherein three or more of the heat 
sources are located in the formation vn a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

490. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion ofjthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pat ern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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491 . A method of treating a layer of a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer, 

wherein the one or more heat sources are positioned proximate an edge of the layer; 
allowing the heat to transfer from the one or more heat sources to a selected 
5 section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation; and 
producing a mixture from the formation. ' 

492. The method of claim 491, wherein the qne or more heat sources are laterally 
10 spaced from a center of the layer. 



493. The method of claim 491, wherein t}ie one or more heat sources are positioned in 
4£ a staggered line. 



15 494. The method of claim 491 , wherein the one or more heat sources positioned 

proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more /neat sources. 

495. The method of claim 491, wherein the one or more heat sources positioned 
20 proximate the edge of the layer can increase the volume of formation undergoing 

pyrolysis per unit of energy input to/the one or more heat sources. 

496. The method of claim 491 , \jvherein the one or more heat sources comprise 
electrical heaters. 

25 

497. The method of claim 491 \ wherein the one or more heat sources comprise surface 
burners. 

498. The method of claim 491 , wherein the one or more heat sources comprise 
30 flameless distributed combustors. 
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499. The method of claim 491 , wherein the one or more heat sources comprise natural 
distributed combustors. 



5Ai 



III 



500. The method of claim 491 , further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

/ 

501 . The method of claim 491 , further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than/about 1.0 ° C per day during 

pyrolysis. 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

15 heating a selected volume (V) of the coajf formation from the one or more heat 

sources, wherein the formation has an average iieat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within trie selected volume of the formation; and 
wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energV/day, h is an average heating rate of the 
formation, ps is formation bulk density, /ind wherein the heating rate is less than about 10 
°C/day. 



25 503. The method of claim 491, wherrein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



504. The method of claim 49 1 , 



30 hydrocarbons having an API gravity of at least about 25° 



herein the produced mixture comprises condensable 
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505. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



506. The method of claim 491, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



00 
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507. The method of claim 491 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by j/eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 



508. The method of claim 491, wherein the pi/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 Vf by weight, when calculated on an atomic 
15 basis, of the condensable hydrocarbons is oxygen. 



20 



25 



509. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

510. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491 / wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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512. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 513. The method of claim 49 1 5 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

514. The method of claim 491, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about/30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

m / 

-1= 515. The method of claim 491 , wherein the produced mixture comprises a non- 

' ' i 

P condensable component, wherein the non-condensaple component comprises hydrogen, 

•&~ f 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

a component, and wherein the hydrogen is less thar/ about 80 % by volume of the non- 

*|I condensable component. 

->= 

III • 
41 

!p 516. The method of claim 491 , wherein the Produced mixture comprises ammonia, and 

^ 20 wherein greater than about 0.05 % by weight/of the produced mixture is ammonia. 

517. The method of claim 491, wherein me produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 518. The method of claim 49 1 , further comprising controlling a pressure within at least 
a majority of the selected section of the/ formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

519. The method of claim 491 , fur/ther comprising controlling formation conditions to 
30 produce a mixture of condensable h) drocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



\ 
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k ll 524. The method of claim 491, wherein tfie produced mixture comprises hydrogen and 

condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
20 produced condensable hydrocarbons witty at least a portion of the produced hydrogen. 

525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

25 

526. The method of claim 491, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/ permeability of a majority of the selected section. 

527. The method of claim 491 , further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



520. The method of claim 519, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

521 . The method of claim 491 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



522. The method of claim 491 , further comprising controlling formation conditions, 
10 wherein controlling formation conditions comprisesyrecirculating a portion of hydrogen 

from the mixture into the formation. j 

I 

523 . The method of claim 49 1 , further compri/ing: 



%~ providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

t: / 

3 f * 15 within the section; and / 
Hi / 

^ heating a portion of the section with h£at from hydrogenation. 

O 
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528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit 7 of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 



/ 
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530. The method of claim 491, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to foipi a repetitive pattern of units. 

531. A method of treating a coAl formation in situ, comprising: 
providing heat from one pr more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure ind a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 



or the temperature is control!' 



producing a mixture lrom the formation 



532. The method of claim 
two heat sources, and wherein 
pyrolyzes at least some hydr ^carbons 



:d as a function of pressure; and 



531, wherein the one or more heat sources comprise at least 
superposition of heat from at least the two heat sources 
within the selected section of the formation. 
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533. The method of claim 531, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



5 534. The method of claim 53 1 , wherein the one or more heat sources comprise 
electrical heaters. 



10 



535. The method of claim 53 1 , wherein the one or more heat sources comprise surface 
burners. 

536. The method of claim 53 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. 



537. The method of claim 53 1 , wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 

538. The method of claim 53 1 , f&rther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 

539. The method of claim 53 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv), and wherein the 
25 heating pyrolyzes at least sonje hydrocarbons within the selected volume of the 
formation; and 

wherein heating energy/day provided to the volume is equal to or less than /Vr 5 



wherein Pwr is calculated b} 
Pwr = h*V*C v *p B 



the equation: 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541. The method of claim 531, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity yf at least about 25°. 

/ 

15 543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
f* hydrocarbons, and wherein about Oil % by weight to about 15 % by weight of the 

M condensable hydrocarbons are olefins. 



544. The method of claim 53 1 j wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

of the non-condensable hydrocarbons are olefins. 

545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, ana wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

546. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons; and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

30 
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547. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



548. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



Lb 



549. The method of claim 53 1 , wherein the produced mixture comprises condensable 

10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

/ 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



550. The method of claim 53 1 , wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than abouy20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

551. The method of claim 531, wherein yihe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than zpout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

553 . The method of claim 531, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 554. The method of claim 531, 
condensable component, wherein 



wherein the produced mixture comprises a non- 

i he non-condensable component comprises hydrogen, 
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20 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

A 

A 

555. The method of claim 531, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



557. The method of claim 53 1 , wherein the controlled pressure is at least about 2.0 bar 



l £l absolute. 

m 

,£! / 

[p 558. The method of claim 53 1 , further comprising controlling formation conditions to 

*P 15 produce a mixture of condensable hydrocarbons ajid Hb, wherein a partial pressure of H 2 
&J / 
* within the mixture is greater than about 0.5 bar. / 

/ 

559. The method of claim 53 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

560. The method of claim 531, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 561. The method of claim 531, wherein/controlling formation conditions comprises 
recirculating a portion of hydrogen from tide mixture into the formation. 

562. The method of claim 53 1 , further comprising: 

providing hydrogen (H 2 ) to the Heated section to hydrogenate hydrocarbons 
30 within the section; and J 

heating a portion of the section ivith heat from hydrogenation. 
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563. The method of claim 531, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of] the produced hydrogen. 

5 

564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. / 

/ 

10 565. The method of claim 53 1 , wherein allowing tjie heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 

O the mixture in a production well, and wherein/at least about 7 heat sources are disposed in 

ill the formation for each production well 

□ 

y s 20 568. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a i/nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iji a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fond a repetitive pattern of units. 



4: 15 

ill- 



30 



570. A method of treating a coal 



brmation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected sectioh is greater than the pressure 
(p) set forth in the following equation for an assessed ave/age temperature (7) in the 
selected section: 

^ [-44000/T+67], 



where p is measured in psia and Tis measured in 0 Kelvin. 

571 . The method of claim 570, wherein the API/gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

= [-31000/f+ 51] 



572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees/ API, and wherein the equation is: 



p = e 



[-22000/T + 38] 



573. The method of claim 570, wherein fhe one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



574. The method of claim 570, wherein controlling the average temperature comprises 



maintaining a temperature in the select 

575. The method of claim 570, wher| 
electrical heaters. 



F d section within a pyrolysis temperature range. 



in the one or more heat sources comprise 
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Ml 



576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. 

5 577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 



578. The method of claim 570, wherein the one or more heat sources comprise natural 



10 



distributed combustors. 



579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 



4* controlled as a function of temperature, or the temperature is controlled as a function of 

M / 
,C pressure. / 

15 

iH 

?! 580. The method of claim 570, further comprising controlling the heat such that an 

j^l / 

,p average heating rate of the selected section is le^/s than about 1 °C per day during 

m pyrolysis. 

9 

20 581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons witnin the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equatpn: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
30 °C/day. 



\ 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 

5 sources comprises heating the selected section such that a/thermal conductivity of at least 
a portion of the selected section is greater than about 0.^' W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight tp about 15 % by weight of the 

10 condensable hydrocarbons are olefins. 

O 

*f| 585. The method of claim 570, wherein the p^duced mixture comprises non- 

condensable hydrocarbons, and wherein about J). 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

^ / 



m 



ft! 



586. The method of claim 570, wherein tl/e produced mixture comprises non- 

condensable hydrocarbons, and wherein a ijdolar ratio of ethene to ethane in the non- 

/ 

condensable hydrocarbons ranges from abbut 0.001 to about 0.15. 



20 587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 570, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tman about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is sulfur. 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 

591. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

10 592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % t?y weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



m 



.1! 



|: 593. The method of claim 570, wherein th^ produced mixture comprises condensable 

15 hydrocarbons, and wherein less than about Gj3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



si / 

594. The method of claim 570, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 5 % bv weight to about 30 % by weight of the 
20 condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein the lion-condensable component comprises hydrogen, 
wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 



30 



wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2? wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



"in 
m 



m 



4. 



10 



599. The method of claim 570, wherein the pai/ial pressure of H2 is measured when the 
mixture is at a production well. 

600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



3 5 601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

602. The method of claim 570, furttter comprising: 

providing hydrogen (H 2 ) to m£ heated section to hydrogenate hydrocarbons 
20 within the section; and 

heating a portion of the sectifon with heat from hydrogenation. 



603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



604. The method of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a rjiajority of the selected section to greater than about 100 
millidarcy. 
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605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
5 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at leas 
the formation for each production well. / 



the mixture in a production well, and wherein at least about 7 heat sources are disposed in 



^1 608. The method of claim 570, further comprising providing heat from three or more 

heat sources to at least a portion of the formatioyi, wherein three or more of the heat 
4" sources are located in the formation in a unit oflheat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 



609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

Q sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a coal formation in situ, comprising: 
providing heat to at least a portion of a coal formation such that a temperature (7) 

in a substantial part of the heated portion exceeds 270 °C and hydrocarbons are pyrolyzed 
25 within the heated portion of the formation; 

controlling a pressure (p) witjhin at least a substantial part of the heated portion of 
the formation; / 

viter e mp bar >e [ <- A/T)+B V 6744] ; 



wherein p is the pressure in 



bar absolute and T is the temperature in degrees K, 



30 and A and B are parameters that aro larger than 10 and are selected in relation to the 



\ 
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characteristics and composition of the coal formation and on the required olefin content 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

5 611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 



m 

m 

4* 



III 



612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 

t 

10 about 1 .4 bar, A is greater than about 44000, arjd b is greater than about 67, and a 

majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 

less than 25 and comprise less than 10 % by height of olefins. 

f 
I 

613. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
15 about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 

produced pyrolyzed hydrocarbon fluids j/iave an average carbon number lower than about 
21. 



614. The method of claim 610, further comprising controlling the heat such that an 
20 average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. 



615. The method of claim 610, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 
25 heating a selected volume/(F) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/jaay provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by tfye equation: 
30 Pwr = /**F*C v */?b 



304 



Conley, Rose & Tayon, P C. 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. 



m 



617. The method of claim 616, wherein the heat sources comprise heaters in which 
10 hydrocarbons are either injected into a heaters or released by the coal formation adjacent 
to a heater by an oxidant injected into the heater in or adjacent to which the combustion 
occurs and wherein at least part of the produced Combustion gases are vented to surface 
via the heater in which the combustion occurs. 



4* 
m 



15 



20 



618. The method of claim 617, wherein hear is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 

619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids iand H 2? wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 



25 620. The method of claim 619, further comprising, hydrogenating a portion of the 

produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from nydrogenation . 



621 . The method of claim 610, whbrein the coal formation is a coal seam and at least 
30 about 70% of the hydrocarbon content of the coal, when such hydrocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the formation. 
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622. The method of claim 610, wherein the substantially gaseous pyrolyzed 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a wellbore of the production well to inhibit condensation of the hydrocarbon 

5 fluids within the wellbore. 

623. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 



10 



15 



20 



allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons/within the selected section; 

producing a mixture from the formation; and 

controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure ih the selected section is greater than the 
pressure (p) set forth in the following equatiotyfor an assessed average temperature (7) in 
the selected section: 

p = e [-t>7000/T±83] 

where p is measured in psia and T is measured in ° Kelvin. 



25 



624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be lesp than about 10 % by weight, and wherein the 
equation is: 

[-I6000/T+ 28] 



30 



625. The method of claim 623, wl^ 
produced mixture is controlled to be 
equation is: 

Pi 



rein the weight percentage of olefins of the 
less than about 5 % by weight, and wherein the 



J-12000/T+ 22] 
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626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



5 627. The method of claim 623, wherein the one or more heat sources comprise 
electrical heaters. 



628. The method of claim 623, wherein the one or more heat sources comprise surface 



10 



burners. 



629. The method of claim 623, wherein the one ojt more heat sources comprise 



^7 flameless distributed combustors. 

•IF? 

630. The method of claim 623, wherein the one or more heat sources comprise natural 
t ° 1 5 distributed combustors. / 

m / 
!U / 

|5 63 1 . The method of claim 623, further comprising controlling a temperature within at 

?J( least a majority of the selected section of tj^e formation, wherein the pressure is 

Q controlled as a function of temperature, or the temperature is controlled as a function of 

jrJJ 20 pressure. / 

/ 

632. The method of claim 63 1 , whej/ein controlling an average temperature comprises 
maintaining a temperature within the ^elected section within a pyrolysis temperature 
range. j 

i 

I 

633. The method of claim 623, farther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 3.0 °C per day during 
pyrolysis. / 



\ 

3 07 Conley, Rose & Tayon, P C. 



634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to tjtie volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/da^, h is an average heating rate of the 
formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
°C/day. 

636. The method of claim 623, whereiii allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravjfty of at least about 25°. 



639. The method of claim 623/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abotJt 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



5 641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

642. The method of claim 623, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nittogen. 

643. The method of claim 623, wherein t^e produced mixture comprises condensable 
* r hydrocarbons, and wherein less than abouj 1 % by weight, when calculated on an atomic 
4* 15 basis, of the condensable hydrocarbons is oxygen. 



ft! i 



644. The method of claim 623, wheyein the produced mixture comprises condensable 
!J hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 



— 20 



25 



645. The method of claim 623, Wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise fohenols. 

646. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic corr pounds. 



V 
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647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



10 



15 



20 



649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

/ 

650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the non-pondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is/less than about 80 % by volume of the non- 



condensable component. 



/ 



/ 



65 1 . The method of claim 623, wlWrein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



652. The method of claim 623, Wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



25 653. The method of claim 623, /further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



654. The method of claim 62! > 
30 mixture is at a production well 



, wherein the partial pressure of H 2 is measured when the 
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655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



m 



5 656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture 1 into the formation. 

/ 

657. The method of claim 623, further comprising: 
providing hydrogen (H2) to the heated/section to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the section witji heat from hydrogenation. 

658, The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method/further comprising hydrogenating a portion of the 

15 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



111 



20 



659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

660. The method of claim 623/ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



661. The method of claim 623, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



662. The method of claim 
the mixture in a production Well 
the formation for each production 



23, wherein producing the mixture comprises producing 
, and wherein at least about 7 heat sources are disposed in 
well. 
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663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



m 



til 



15 



20 



25 



30 



665. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; j 

allowing the heat to transfer frorp the one or more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 

above, a temperature that will pyrolyz^ hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (J) in the selected section: 

/ n _ ^[-14000/T+25J 

J 

where p is measured in psia and T is measured in ° Kelvin. 



666. The method of claim 665 
greater than 25 of the produced 
weight, and wherein the equatioh 



wherein the hydrocarbons having carbon numbers 
ijnixture is controlled to be less than about 20 % by 
is: 



= H6000/T f- 28] 

p e 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 15 % by 
weight, and wherein the equation is: 

p = e f-18000/T+ 32] 

5 

668. The method of claim 665, wherein the one or more heat sources comprise at least 

two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 
/ 

10 669. The method of claim 665, wherein the one or niore heat sources comprise 
1^1 electrical heaters. 

s 

■4* 670. The method of claim 665, wherein the one .br more heat sources comprise surface 

r burners. 



•in 



15 

671 . The method of claim 665, wherein the ope or more heat sources comprise 
flameless distributed combustors. 

672. The method of claim 665, wherein thf one or more heat sources comprise natural 
20 distributed combustors. 

673. The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of t/ne formation, wherein the pressure is 
controlled as a function of temperature, of- the temperature is controlled as a function of 

25 pressure. 

674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

30 
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675. The method of claim 665, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

/ 

pyrolyzes at least some hydrocarbons within tj^e selected volume of the formation; and 
10 wherein heating energy/day provided Jo the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 



*W Pwr = h*V*C v *p B \ 

■4* wherein Pwr is the heating energy/aay, h is an average heating rate of the 

-Jet is i 

¥ 'p formation, p B is formation bulk density, ar^a wherein the heating rate is less than about 1 0 

15 °C/day. 



p / 

U 677. The method of claim 665, wherein allowing the heat to transfer comprises 

;|: / 

? u transferring heat substantially by condition. 



20 678. The method of claim 665, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 665, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

680. The method of claim 665, w lerein the produced mixture comprises condensable 



hydrocarbons, and wherein about 0. 



condensable hydrocarbons are olefins. 



% by weight to about 1 5 % by weight of the 



30 
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681 . The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



682. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



m 



683. The method of claim 665, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % byweight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygei* 



684. The method of claim 665, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
15 basis, of the condensable hydrocarbons is sulfur. 



ry 



20 



685. The method of claim 665, whereiA the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



686. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater/than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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688. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes, 

689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



690. The method of claim 665, wherein the produced mixture comprises a non- 

/ 

10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % ^y volume of the non-condensable 
component, and wherein the hydrogen is less thap about 80 % by volume of the non- 



condensable component. / 



f . / 

III 15 691 . The method of claim 665, wherein the/produced mixture comprises ammonia, and 
ix wherein greater than about 0.05 % by weighj/of the produced mixture is ammonia. 

I / 

rt! 692. The method of claim 665, wherein ihe produced mixture comprises ammonia, and 
,p / 

Q wherein the ammonia is used to produce fertilizer. 

20 

693. The method of claim 665, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than aboui 0.5 bar. 

25 694. The method of claim 665, whprein the partial pressure of H2 is measured when the 
mixture is at a production well. 

695. The method of claim 665, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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696. The method of claim 665, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

697. The method of claim 665, wherein the produced mixture comprises hydrogen and, 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



O 
iff 



m 

SIS 
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698. The method of claim 665, wherein allowing th£ heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



millidarcy. 



/ 



699. The method of claim 665, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 665, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



20 701 . The method of claim 665, wherein producing the mixture comprises producing 

the mixture in a production well, and wl/erein at least about 7 heat sources are disposed in 
the formation for each production welly 

702. The method of claim 665, further comprising providing heat from three or more 
25 heat sources to at least a portion of tile formation, wherein three or more of the heat 

sources are located in the formation/ in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



703. The method of claim 665, 
30 heat sources to at least a portion 

sources are located in the formation 



rther comprising providing heat from three or more 
q[f the formation, wherein three or more of the heat 
in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
10 producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1.7 by controlling average^pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (I) in 
15 the selected section: / 

p = j o [-380Q0/T + 61] 

,p where p is measured in psia and T is measured in ° Kelvin. 

4» 

\*) 20 705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 

produced mixture is controlled to be /greater than about 1.8, and wherein the equation is: 

= e f-13000/T+ 24] 

706. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
25 produced mixture is controlled to pe greater than about 1 .9, and wherein the equation is: 

= p[-8000/T+ 18] 

p e 

707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein s iperposition of heat from at least the two heat sources 

30 pyrolyzes at least some hydrocarbons within the selected section of the formation. 



\ 
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708. The method of claim 704, wherein the one or more heat sources comprise 
electrical heaters. 



709. The method of claim 704, wherein the one or more heat sources comprise surface 
5 burners. 

710. The method of claim 704, wherein the one or more heat sources comprise 

/ 

flameless distributed combustors. / 



4* 



10 



15 



711. The method of claim 704, wherein the one or more heat sources comprise natural 



distributed combustors. 



or i 



/ 



712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the /temperature is controlled as a function of 
pressure. 



Ill 

s: 

D" 

S ; 



713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the seledted section within a pyrolysis temperature 



20 range. 



25 



714. The method of claim 704, furthdr comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

715. The method of claim 704, whferein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Jf) of the coal formation from the one or more heat 



sources, wherein the formation has 



an average heat capacity (C v ), and wherein the heating 



30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /**F*C v */>* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



T 

m 

E *j 5 
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716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

/ 

717. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim 704, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % bjf weight to about 1 5 % by weight of the 
20 condensable hydrocarbons are olefins. 



25 



720. The method of claim 704, wher&in the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons/are olefins. 

721 . The method of claim 704, wmerein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



5 723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method of claim 704, wherein the produced mixture comprises condensable 

/ 

10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
i«l basis, of the condensable hydrocarbons is sulfur. / 

!iU / 

■4* 725. The method of claim 704, wherein the produced/mixture comprises condensable 

lisi / 

^* hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

*fa 15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



ro 

Si 

J3 



tU 726. The method of claim 704, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein greater than about 2y % by weight of the condensable 
20 hydrocarbons are aromatic compounds. 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about $% by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abqtat 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

73 1 . The method of claim 704, wherein the produced/mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
F jfX 15 wherein the ammonia is used to produce fertilizer J 



He? 



HI 



* L 
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733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

734. The method of claim 704, wherein j/ne partial pressure of H2 is measured when the 
mixture is at a production well. 



735. The method of claim 704, further comprising altering a pressure within the 
25 formation to inhibit production of hydrpcarbons from the formation having carbon 

numbers greater than about 25. 

736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



30 



737. The method of claim 704, further comprising 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the > 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



f ■ 

4* 
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739. The method of claim 704, wherein allowing the heat to transfer comprises 

10 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

740. The method of claim 704, wherein allov^ing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



15 



20 



/ 



741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and wl/erein at least about 7 heat sources are disposed in 
the formation for each production welL 



25 



743. The method of claim 704, farmer comprising providing heat from three or more 
heat sources to at least a portion of tMe formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



744. The method of claim 704 
heat sources to at least a portion c 
sources are located in the 



further comprising providing heat from three or more 
f the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources to at least one portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure-temperature relationship within at least the selected section 
10 of the formation by selected energy input into the^pne or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 

*fl sources; and 

Si 

? p producing a mixture from the formatiop. 

■p 15 746. The method of claim 745, wherein ttfe one or more heat sources comprise at least 

/ 

two heat sources, and wherein superposition of heat from at least the two heat sources 
- jf pyrolyzes at least some hydrocarbons witMn the selected section of the formation. 

III ' / 

X 747. The method of claim 745, when/in the one or more heat sources comprise at least 

P- 20 two heat sources, 

748. The method of claim 745, wfyferein the one or more heat sources comprise surface 
burners. 

25 749. The method of claim 745, ^herein the one or more heat sources comprise 
flameless distributed combustors. 

750. The method of claim 745 \ wherein the one or more heat sources comprise natural 
distributed combustors. 

30 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: j 

10 heating a selected volume {V)of the coal formation from the one or more heat 

P~ sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

! ;0 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

sijssi 

4 : 15 Pwr = h*V*C v *p B 

. wherein Pwr is the heating energy/day, H is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



K5S 

m 



20 754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selectea section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



41 



759. The method of claim 745, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

I 

condensable hydrocarbons ranges from about/0.001 to about 0.15. 



760. The method of claim 745, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than abovlt 1 % by weight, when calculated on an atomic 
15 basis, of the condensable hydrocarbonsyis nitrogen. 



SI! 
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761. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



745 



25 763. The method of claim 
hydrocarbons, wherein about 
hydrocarbons comprise oxyg 
containing compounds compfise 



, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
containing compounds, and wherein the oxygen 
phenols. 



;en 
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764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



5 765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by /weight of the condensable 
^ hydrocarbons are asphaltenes. 

m 

? p 767. The method of claim 745, wherein the produced mixture comprises condensable 

E |I hydrocarbons, and wherein about 5 % by weigh^to about 30 % by weight of the 

4* 15 condensable hydrocarbons are cycloalkanes. / 

Si / 
* / 

'p: 768. The method of claim 745, wherein thl produced mixture comprises a non- 

111 condensable component, wherein the non-condensable component comprises hydrogen, 

wherein the hydrogen is greater than about/10 % by volume of the non-condensable 

• / 

20 component, and wherein the hydrogen is }fess than about 80 % by volume of the non- 
condensable component. 

769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by ](veight of the produced mixture is ammonia. 

25 

770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

771. The method of claim 745, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 

i 

t 
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772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , wherein the partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 

5 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

10 774. The method of claim 745 , wherein the partial pressure of H2 is measured when the 

mixture is at a production well. / 

/ 

/ 



775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
15 numbers greater than about 25. 



if 776. The method of claim 745, wherein controlling formation conditions comprises 

/ 

FU recirculating a portion of hydrogen from the mixture into the formation. 



20 777. The method of claim 745, further comprising: 

providing hydrogen (H2) to fhc heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

25 778. The method of claim 745/ wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocaipons with at least a portion of the produced hydrogen. 



779. The method of claim 7 
30 increasing a permeability of a 
millidarcy. 



5, wherein allowing the heat to transfer comprises 
najority of the selected section to greater than about 100 



328 Conley, Rose & Tayon, P C. 



780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 78 1 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. , 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
10 the formation for each production well. 

tj i 

=,£! 783. The method of claim 745, further comprising providing heat from three or more 



m 

4~ 



heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 



= |~ 15 sources comprises a triangular pattern. 

m 

Q 784. The method of claim 745, further comprising providing heat from three or more 

l|j heat sources to at least a portion of the formation, wherein three or more of the heat 

J|* sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a coal formation in situ, comprising: 
heating a selected volume (V) of the coal formation, wherein formation has an average 
25 heat capacity (C v ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

ng energy/day, h is an average heating rate of the formation, 
and wherein the heating rate is less than about 10 °C/day. 



30 wherein Pwr is the heat 

p B is formation bulk density, 
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786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

5 787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 
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788. The method of claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 

/ 

/ 
z 

789. The method of claim 785, wherein heating a ^elected volume comprises heating 
with a natural distributed combustors. 

/ 

790. The method of claim 785, further comprisyrig controlling a pressure and a 
temperature within at least a majority of the seledted volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

791 . The method of claim 785, further comprising controlling the heating such that an 
average heating rate of the selected volume i$ less than about 1 °C per day during 
pyrolysis. 



25 



792. The method of claim 785, wherein & value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation. 

793. The method of claim 785, whereim heating the selected volume comprises 
transferring heat substantially by conduction. 



794. The method of claim 785, wherep 
30 the selected section such that a thermal 

section is greater than about 0.5 W/(m °(C). 



n heating the selected volume comprises heating 
conductivity of at least a portion of the selected 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

5 796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

797. The method of claim 785, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. / 



h» 20 



m j 

jp 798. The method of claim 785, wherein the produced mixture comprises non- 

■ condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

4* 15 condensable hydrocarbons ranges from about 0.0D1 to about 0.15. 

to / 

Si / 

■;;f 799. The method of claim 785, wherein the produced mixture comprises condensable 

HI hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 801. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



Si 
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805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.]/% by weight of the condensable 

hydrocarbons are asphaltenes. / 

/ 
/ 
/ 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by Weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkar/es. 

807. The method of claim 785, wherefin the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydroge^l is less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



809. The method of claim 785 
wherein the ammonia is used to 



prodi 



^herein the produced mixture comprises ammonia, and 
uce fertilizer 



332 



Conley, Rose & Tayon, P C 




810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H 2 within the mixture is greater than about 0.5 bar. 



m 

si 



812. The method of claim 785, wherein the partial pressure of H2 is measured when the 



/ 



10 mixture is at a production well. 



813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen frorry the mixture into the formation. 



4: 



815. The method of claim 785, further comprising: 
20 providing hydrogen (H 2 ) to th^f heated volume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of the volur/ie with heat from hydrogenation. 



816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



8 1 7. The method of claim 785, 
majority of the selected volume tc 



lirther comprising increasing a permeability of a 
greater than about 1 00 millidarcy . 
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818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 

819. The method of claim 785, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



10 



/ 

/ 



821 . The method of claim 785, further comprising providing heat from three or more 

41 heat sources to at least a portion of the formation, wherein three or more of the heat 

p sources are located in the formation in a unit df heat sources, and wherein the unit of heat 

^Zl sources comprises a triangular pattern. / 

4- / 

4** 15 / 

m 



822. The method of claim 785, further ybmprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
III sources are located in the formation in a/unit of heat sources, wherein the unit of heat 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
20 over an area of the formation to form a repetitive pattern of units. 

823. A method of treating a coal formation in situ, comprising: 

providing heat from one or rrpre heat sources to at least a portion of the 
formation; 

25 allowing the heat to transfer/ from the one or more heat sources to a selected 



section of the formation to raise an 
above, a temperature that will pyro 



average temperature within the selected section to, or 
yze hydrocarbons within the selected section; 



controlling heat output from the one or more heat sources such that an average 
heating rate of the selected section rises by less than about 3 °C per day when the average 
30 temperature of the selected section lis at, or above, the temperature that will pyrolyze 
hydrocarbons within the selected section; and 
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producing a mixture from the formation. 



5 S.JI 



824. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
5 that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the one or more heat sources to inhibit increase in 

/ 

temperature of the selected section; and j ^ 

increasing energy input into the formation to raise an average temperature of the 
10 selected section above the first temperature when production of formation fluid declines 

below a desired production rate. j 

/ 

( 

825. The method of claim 823, controlling h^at output comprises: 

raising the average temperature withir/the selected section to a first temperature 
1 5 that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; / 

limiting energy input into the one/or more heat sources to inhibit increase in 
temperature of the selected section; and/ 

increasing energy input into the formation to raise an average temperature of the 
20 selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 



25 



826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. 



827. The method of claim 82 
electrical heaters. 



wherein the one or more heat sources comprise 



30 828. The method of claim 82j3, wherein the one or more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more heat sources comprise 
flameless distributed combustors. 

5 830. The method of claim 823, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

/ 

83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
10 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure, / 

i ! 

'U j 
S! / 

f: 832. The method of claim 823, wherein the heat is controlled that an average heating 

rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 



>F 15 



833. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has aA average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by the eqjuation: 

snergy/day, h is an average heating rate of the 
sity. 



wherein Pwr is the heating 
formation, p B is formation bulk der 



30 835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

5 

837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. j 



839. The method of claim 823, wherein me produced mixture comprises condensable 
E gl hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

15 about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 



840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is less thpn about 0.15, and wherein the ratio of ethene to 

ethane is greater than about 0.001 

841 . The method of claim 823, /wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 

842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons is less than about 0.05 and wherein the ratio of ethene to 

ethane is greater than about 0.Q01 . 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 

844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

10 845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % byyWeight, when calculated on an atomic 

II basis, of the condensable hydrocarbons is sulfur. / 

/ 

/ 

/ 

15 hydrocarbons, wherein about 5 % by weight td about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing ccpipounds, and wherein the oxygen 
containing compounds comprise phenols. 



V p 846. The method of claim 823, wherein the produced mixture comprises condensable 



p 847. The method of claim 823, wherein Ahe produced mixture comprises condensable 

20 hydrocarbons, and wherein greater than apout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

25 hydrocarbons comprises multi-ring arimatics with more than two rings. 

849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiJ about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

30 
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850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



f 
4* 
m 
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851. The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



ill 



20 



854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of Jhe formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

855. The method of claim 823, /further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



25 856. The method of claim 8^3, wherein the partial pressure of H 2 is measured when the 
mixture is at a production weL 



857. The method of claim /823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823 , further comprising: 

5 providing H2 to the heated section to hydrogenate hydrocarbons within the 

section; and 

heating a portion of the section with heat from hydrogenation. 

860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

1^ produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

m 

,f ~ 861 . The method of claim 823, wherein allowing the heat to transfer comprises 

|L increasing a permeability of a majority of the selected section to greater than about 100 

■4* 15 millidarcy. 

U. 

'T* 862. The method of claim 823, wherein allowing the heat to transfer comprises 

ftj substantially uniformly increasing 4 permeability of a majority of the selected section. 



20 863. The method of claim 823 /further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production Well, and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the 



30 sources comprises a triang ular pattern. 



brmation in a unit of heat sources, and wherein the unit of heat 
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866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a coal formation in situi comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 



10 about 270 °C; 



/ 



/ 



allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; j 



controlling the heat from the one or mrire heat sources such that an average 
I rate of the selected section is less thah ah 
producing a mixture from the formation. 



heating rate of the selected section is less thah about 3 °C per day during pyrolysis; and 



868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons Within the selected section of the formation. 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical heaters. 



870. The method of claim 867, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours. 



871 . The method of claim 867/ wherein the one or more heat sources comprise surface 
burners. 



30 872. The method of claim 86y 
flameless distributed combustoifs 



, wherein the one or more heat sources comprise 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 874. The method of claim 867, further comprising controlling a pressure and a 

s 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. , 

/ 

/ 
/ 

10 875. The method of claim 867, wherein the he^t is further controlled such that an 

average heating rate of the selected section is legs than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases: 



876. The method of claim 867, wherein tfre heat is further controlled that an average 

4* / 

,p 15 heating rate of the selected section is less than about 1 .5 °C per day during pyro lysis. 



Q 877. The method of claim 867, wherein the heat is further controlled such that an 

||| average heating rate of the selected section is less than about 1 °C per day during 



W* 20 



pyrolysis. 



878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heati ig energy/day, h is an average heating rate of the 
30 formation, p B is formation bulk density. 
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879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



881 . The method of claim 867, wherein the produced mixture comprises condensable 

/ 

hydrocarbons having an API gravity of at le^t about 25°. 

/ 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 fo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 



,p 15 883. The method of claim 867,Avherein the produced mixture comprises non- 
?A| condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 

£l of the non-condensable hydrocarbons are olefins. 

T / ' 

*%* 884. The method of claim »67, wherein the produced mixture comprises non- 

y / 

M 20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons Ls less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

885. The method of claim 867, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensab 



hydrocarbons is nitrogen. 



886. The method of olaim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
30 basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



m 

liCl 

Si 



5 888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abbut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

/ 

/ 

890. The method of claim 867, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arornatics with more than two rings. 



Ill 891 . The method of claim 867, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than jabout 0.3 % by weight of the condensable 
20 hydrocarbons are asphaltenes. 

892. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/ % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



893 . The method of claim 867 
condensable component, wherein 
wherein the hydrogen is greater t 



, /wherein the produced mixture comprises a non- 
the non-condensable component comprises hydrogen, 
Lian about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 

"— ■ 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



895. The method of claim 867, wherein the produced mixture comprises ammonia, and 

5 wherein the ammonia is used to produce fertilizer. 

i I 

y 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the fojrmation, wherein the controlled pressure is at 

10 least about 2.0 bar absolute. 



m 



15 



20 



897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

898. The method of claim 897, \yherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

899. The method of claim 867 Jfurther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 



30 



900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



901 . The method of claim 8617, further comprising: 

providing hydrogen (H$) to the heated section to hydrogenate hydrocarbons 



within the section; and 

heating a portion of the 



section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



m 
1 



903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



904. The method of claim 867, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 



905. The method of claim 867, further comprising controlling the heat to yield greater 



than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

M / 

* . / 

41 1 5 906. The method of claim 867, wherein producing the mixture comprises producing 
'f* the mixture in a production well, and where/n at least about 7 heat sources are disposed in 

O the formation for each production well. 

4 s 

ry ■ 

*l[ 907. The method of claim 867, furthei/ comprising providing heat from three or more 

M 20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 

sources comprises a triangular patter 

908. The method of claim 867, fiijrther comprising providing heat from three or more 
25 heat sources to at least a portion of ihe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 909. A method of treating a coa 



formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 
5 producing a mixture from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 
controlling heat input to raise the monitored temperature at a rate of less than 

about 3 °C per day. 

10 910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the ^elected section of the formation. 

911. The method of claim 909, wherein theime or more heat sources comprise 



f: 15 electrical heaters. / 



25 



30 



/ 



y 912. The method of claim 909, wherein/the one or more heat sources comprise surface 



til burners. 



20 913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed combustors. 

914. The method of claim 909, wperein the one or more heat sources comprise natural 
distributed combustors. 



915. The method of claim 909, /further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



m 



HI 

4* 
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917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



/ 

/ 



Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, i^ an average heating rate of the 



formation, p B is formation bulk density. 



/ 



/ 



15 918. The method of claim 909, wherein allo/wing the heat to transfer comprises 



20 



/ 

transferring heat substantially by conduction./ 

919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected seocion such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity oflat least about 25°. 

25 921. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1/ % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



922. The method of claim 909, 
30 condensable hydrocarbons, whereiri 



erein the produced mixture comprises non- 
a molar ratio of ethene to ethane in the non- 



\ 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 L 



923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxyger/ 



925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sujfur. 

926. The method of claim 909, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thtn about 5 % by weight of the condensable 
hydrocarbons comprises multi-riWg aromatics with more than two rings. 

929. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 

93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 

10 condensable component. / 

/ 

932. The method of claim 909, wherein the prodj/ced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

*F / 

? p 15 933. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



HI 934. The method of claim 909, further comprising controlling a pressure within at least 

j|; a majority of the selected section of the fo/mation, wherein the controlled pressure is at 

20 least about 2.0 bar absolute. 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 



936. The method of claim 935, ^herein the partial pressure of H2 is measured when the 
mixture is at a production well. 



937. The method of claim 90' 
30 formation to inhibit production 
numbers greater than about 25. 



, further comprising altering a pressure within the 
3f hydrocarbons from the formation having carbon 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

5 939. The method of claim 909, further comprising: 

providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and * 

heating a portion of the section with heat from hydrogenation. 



10 940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
*£J produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

fjti / 



^ 941 . The method of claim 909, wherein allpwing the heat to transfer comprises 

p 15 increasing a permeability of a majority of the selected section to greater than about 1 00 



138 



millidarcy. / 

/ 

942. The method of claim 909, where^i allowing the heat to transfer comprises 
substantially uniformly increasing a pe^ieability of a majority of the selected section. 

20 / 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

944. The method of claim 909, wherein producing the mixture comprises producing 

25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



945. The method of claim 90j9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

ation in a unit of heat sources, and wherein the unit of heat 
pattern. 



30 sources are located in the form 
sources comprises a triangular 
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946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



947. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a ,temperature sufficient to support oxidation 
10 of hydrocarbons within the portion, wherein the portion is located substantially adjacent 



i 1 

m 
m 

it 

. ; £: 15 



to a wellbore; 



/ 
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flowing an oxidant through a conduit positioned within the wellbore to a heat 
source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 



25 



30 



949. The method of claim 947/, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the /wellbore. 



95 1 . The method of claim 
heat source zone to inhibit 



947, further comprising removing excess oxidant from the 
transport of the oxidant to the pyrolysis zone. 



352 Conley, Rose & Tayon, P C. 



952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising heating the conduit with reaction 
5 products being removed through the wellbore. 

954. The method of claim 947, wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 947, wherein the oxidant/comprises air. 

10 

956. The method of claim 947, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

f . /..... 

N 957. The method of claim 947, further comprising limiting an amount of oxidant to 

,p 15 maintain a temperature of the heat source zone less than about 1200 °C. 

iti / 

21 / 

13 958. The method of claim 947, whereiiy heating the portion of the formation comprises 

j|j electrically heating the formation. 



□ 



25 
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20 959. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 



961 , The method of claim 947/ further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 



controlled as a function of temp 
pressure. 



rature, or the temperature is controlled as a function of 
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962. The method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyroiysis zone is less than about 1 °C per day during pyroiysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 

5 pyroiysis zone such that a thermal conductivity of at least a portion of the pyroiysis zone 
is greater than about 0.5 W/(m °C). 



964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyroiysis zone of the formation, wherein the controlled pressure is at 
10 least about 2.0 bar absolute. 



-Si* J 

4} 

m 

4* 
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965. The method of claim 947, further comprising: 
providing hydrogen (H 2 ) to the pyroiysis ^one to hydrogenate hydrocarbons 

within the pyroiysis zone; and 

heating a portion of the pyroiysis zone ^ith heat from hydrogenation. 

966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority of the pyroiysis zone to greater than about 100 
millidarcy. / 

967. The method of claim 947, wherein itransferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyroiysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
25 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

I 

969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 



20 



30 970. The method of claim 947, whefrein 
uniformity of heating along a heated 



the wellbore is located along strike to increase 
lfength of the wellbore. 
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971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. 



m 



5 972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 
10 allowing the oxidant and the hydrocarbons to react to produce heat in a heat 

source zone; / 

allowing heat to transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and / 
15 removing reaction products such thauthe reaction products are inhibited from 

flowing from the heat source zone to the pyrolysis zone. 



973. The method of claim 972, wherein/heating the portion of the formation comprises 
raising the temperature of the portion abojve about 400 °C. 

20 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 

975. The method of claim 972, wherein heating the portion of the formation comprises 
25 heating the portion using exhaust gases from a surface burner. 



30 



976. The method of claim 972, wf 
method further comprising flowing 
heat source zone. 



erein the conduit comprises critical flow orifices, the 
1 le oxidant through the critical flow orifices to the 



\ 
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977. The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 



10 



978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

/ 

979. The method of claim 972, further comprising transporting the oxidant from the 

~~""~~~~~""~f 

980. The method of claim 972, wherein the conduit is located within a wellbore, the 

0 / 

t|| method further comprising heating the conduit with reaction products being removed 

' through the wellbore to raise a temperature of the oxidant passing through the conduit. 

J; 15 981. The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

m 

\~) 982. The method of claim 972, wherein the Oxidant comprises air. 

1 u / 

jf* 983. The method of claim 972, wherein tl^e oxidant comprises a fluid substantially free 

{«*■ 20 of nitrogen. 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

25 985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 

986. The method of claim 972, wherein heating a portion of the formation to a 
30 temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 



I 



356 Conley, Rose & Tayon, P C. 



987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 

5 function of pressure. 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

/ 

10 989. The method of claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. ■ 

990. The method of claim 972, wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
15 is greater than about 0.5 W/(m °C). 



13 991 . The method of claim 972, further comprising controlling a pressure within at least 

III a ma j° r ity of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 

absolute. 



w 



J: 
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992. The method of claim 972, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolyMs zone with heat from hydrogenation. 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majoijity of the pyrolysis zone to greater than about 100 
millidarcy. 



30 994. The method of claim 972, 
substantially uniformly increasing 



/herein allowing the heat to transfer comprises 
a permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

996. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 

/ 

portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 

allowing the oxidizing gas to react with Jt least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heaf source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 



997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a coi/duit disposed in the opening such that a rate of 
oxidation is controlled. 



25 1000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



1001. The method of claim 996, 
30 method further comprising removilng 



^vherein a conduit is disposed within the opening, the 
an oxidation product from the formation through 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 



1002. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
10 method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



15 1004. The method of claim 996, wherein a center conduit is disposed within an outer 

conduit, and wherein the outer conduit is disposed^ within the opening, the method further 
comprising providing the oxidizing fluid into the/opening through the center conduit and 
removing an oxidation product through the outer conduit. 

20 1005. The method of claim 996, wherein theiieat source zone extends radially from the 
opening a width of less than approximately 0/15 m. 



25 



1006. The method of claim 996, wherein Heating the portion comprises applying 
electrical current to an electric heater disposed within the opening. 

1007. The method of claim 996, wherei^ the pyrolysis zone is substantially adjacent to 
the heat source zone. 



1008. The method of claim 996, further 
30 temperature within at least a majority o: 



comprising controlling a pressure and a 
the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



1009. The method of claim 996, further comprising controlling the heat such that an 
5 average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis 



1010. The method of claim 996, wherein allowing t^ie heat to transfer comprises 
transferring heat substantially by conduction. 



13 

j-i, 

•P 

j". 
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10 1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at le^tst a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). 

1012. The method of claim 996, further comprising controlling a pressure within at least 
15 a majority of the pyrolysis zone, wherein the/ controlled pressure is at least about 2.0 bar 
absolute. 



4; 
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1013. The method of claim 996, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysii zone with heat from hydrogenation. 



1014. The method of claim 996, wheuein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
25 millidarcy. 



1015. The method of claim 996, wherein 
substantially uniformly increasing a 



in allowing the heat to transfer comprises 
permeability of a majority of the pyrolysis zone. 



30 1016. The method of claim 996, further 
than about 60 % by weight of condensable 



comprising controlling the heat to yield greater 
hydrocarbons, as measured by Fischer Assay. 
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1017. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation; and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to inhibit production of a substantial amount of 

hydrocarbons having carbon numbers greater than ^5 in the mixture. 

/ 
/ 

/ 

1018. The method of claim 1017, wherein the c^ne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons Avithin the selected section of the 
formation. 

1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 
temperature range. 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 



1021. The method of claim 1017, w/ierein the one or more heat sources comprise 
surface burners. 



1 022. The method of claim 1017, 
flameless distributed combustors. 



therein the one or more heat sources comprise 
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1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
5 than about 270 °C. 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. / 

10 1026. The method of claim 1017, further comprising controlling a pressure and a 

<? I 

temperature within at least a majority of the selected section of the formation, wherein 



lf\ the pressure is controlled as a function of temperature, or the temperature is controlled as 



^rs 



a function of pressure. 



^ 15 1027. The method of claim 1017, further/comprising controlling the heat such that an 
l V average heating rate of the selected section is less than about 1 °C per day during 

Q pyrolysis. 

ill 

P 1028. The method of claim 1017, Wherein providing heat from the one or more heat 

!«* 20 sources to at least the portion of fomiation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by /he equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



3 C/day. 



30 
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1029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



*0 
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1031. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by we/ght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



/ 



1033. The method of claim 1017, wherein pie produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a malar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than atyout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



1035. The method of claim 1017, 
hydrocarbons, and wherein less than 
basis, of the condensable hydrocarbon 



wherein the produced mixture comprises condensable 
alf>out 1 % by weight, when calculated on an atomic 
is nitrogen. 



30 



1036. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



m 



3"* 



5 1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable . 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

10 1039. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about JO % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

1040. The method of claim 1017, wherein me produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaiics with more than two rings. 



if* 
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1041. The method of claim 1017, whe 
hydrocarbons, and wherein less than a 
hydrocarbons are asphaltenes. 



fcin 



rout 



the produced mixture comprises condensable 
0.3 % by weight of the condensable 



25 



1042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 r/o by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 043 . The method of claim 1 0 1 
condensable component, wherein 



I wherein the produced mixture comprises a non- 
the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1047. The method of claim 1017, further comprising controlling formation conditions to 

)% produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

! 

■A; within the mixture is greater than about 0.5 bar. j 

T, f 

is: / 

J: 15 1048. The method of claim 1047, wherein the/partial pressure of H 2 is measured when 
4* the mixture is at a production well. / 



III 
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20 



25 



1049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1050. The method of claim 1017, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section i(vith heat from hydrogenation. 

1051. The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



5 1053. The method of claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



III 
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1054. The method of claim 1017, further comprising controlling the heat to yield greater 

than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 
/ 

1055. The method of claim 1017, wherein producing the mixture comprises producing 
the mixture in a production well, and wherei^l at least about 7 heat sources are disposed in 
the formation for each production well. 



/ 



/ 

1056. The method of claim 1017, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ja unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 



20 



1057. The method of claim 1017, fpther comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1058. A method of treating a coal formation in situ, comprising: 
providing heat from onq or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
30 section of the formation; 



25 
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controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

1059. The method of claim 1058, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1060. The method of claim 1058, wherein the one or more heat sources comprise 
electrical heaters. 

1061. The method of claim 1058, wherein the one /or more heat sources comprise 
surface burners. 

1062. The method of claim 1058, wherein the pne or more heat sources comprise 
flameless distributed combustors. 



1063. The method of claim 1058, wherein tfie one or more heat sources comprise natural 
20 distributed combustors. 

1064. The method of claim 1058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, pr the temperature is controlled as a function of 

25 pressure. 

1065. The method of claim 1064, wherein controlling the temperature comprises 



15 



30 



maintaining a temperature within the 
range. 



selected section within a pyrolysis temperature 
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1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



5 1067. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the coal formation from the one or more heat 

/ 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the se/ected volume of the formation; and 
10 wherein heating energy/day provided to XhL volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
15 °C/day. 



Ms? 
41 



1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1070. The method of claim 1058, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



1 07 1 . The method of claim 1 05 8, wl 
hydrocarbons, and wherein about 0.1 
condensable hydrocarbons are olefins 



erein the produced mixture comprises condensable 
Vo by weight to about 1 5 % by weight of the 
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1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 



m 



m 



1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.1 5/ and wherein the ratio of ethene to 



ethane is greater than about 0.001. 



/ 



j 



10 1074. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ^nitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



m 



20 



1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



1077. The method of claim 105& wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 °A by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



25 containing compounds comprise 



phenols. 



058 



1078. The method of claim 1 
hydrocarbons, and wherein gi 
hydrocarbons are aromatic comp< 



;reat ^r 



!, wherein the produced mixture comprises condensable 

than about 20 % by weight of the condensable 
>unds. 
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1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



t/e 



1081. The method of claim 1058, wherein the produced mixture comprises condensable 



10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane 



m 



ry 



1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the nAn-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogejri is less than about 80 % by volume of the non- 
condensable component. 

1083. The method of claim 105 8, /wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1084. The method of claim 1 058, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 



30 



1085. The method of claim 10f58, further comprising controlling the pressure within at 
least a majority of the selected /section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1086. The method of claim 1 
produce a mixture of condensable 
within the mixture is greater tl 



058, further comprising controlling formation conditions to 
hydrocarbons and H2, wherein a partial pressure of H2 
an about 0.5 bar. 
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1087. The method of claim 1086, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

5 1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



m 



10 



1089. The method of claim 1058, further comprising; 

providing hydrogen (H2) to the heated sectior/to hydrogenate hydrocarbons 
within the section; and j 

heating a portion of the section with heat from hydrogenation. 



/ 



1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
15 the produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 



o 



20 



1091. The method of claim 1058, wherein/ allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1093. The method of claim 1058, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of conddnsable hydrocarbons, as measured by Fischer Assay. 



30 



1 094. The method of claim 1 05 8 
the mixture in a production well, 
the formation for each production 



wherein producing the mixture comprises producing 
< tnd wherein at least about 7 heat sources are disposed in 
well. 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 

1096. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

^ 10 over an area of the formation to form a repetitive pattern of units. 

w / 

/ 

1097. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat /sources to at least a portion of the 

formation; / 
15 allowing the heat to transfer from tl/e one or more heat sources to a selected 

section of the formation; and 
111 producing a mixture from the fontiation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
^" of the condensable hydrocarbons are olefins. 



m 
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25 



1098. The method of claim 1097, Wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1099. The method of claim 109j/, wherein the one or more heat sources comprise 
electrical heaters. 



1 100. The method of claim 1097, wherein the one or more heat sources comprise 
30 surface burners. 
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1101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 102. The method of claim 1097, wherein the one or more heat sources comprise natural 
5 distributed combustors. 

1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

1 0 a function of pressure. , 

/ 
/ 



Ul 15 



1 104. The method of claim 1097, wherein controlling the temperature comprises 
jU maintaining the temperature within the selected section within a pyrolysis temperature 

range. 



1 1 05. The method of claim 1 097, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 1 106. The method of claim 1097, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (If) of the coal formation from the one or more heat 
sources, wherein the formation has/an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than iVr, 

wherein Pwr is calculated by the/equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk| density , and wherein the heating rate is less than about 10 
30 °C/day. 
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1 107. The method of claim 1097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 108. The method of claim 1097, wherein providing heat from the one or more heat 

5 sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein the produced mixture comprises condensable 

/ 

j 

hydrocarbons having an API gravity of at least abqut 25°. 
10 / 
^ 1110. The method of claim 1097, wherein the produced mixture comprises condensable 

^: hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

M condensable hydrocarbons are olefins. 

^ 15 1111. The method of claim 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



Ml 



1112. The method of claim 1097, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than ^bout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than /about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



5 1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 1117. The method of claim 1097, wherein the produced mixture comprises condensable 

Cl / 

y°/ f 



hydrocarbons, and wherein greater than about 20/% by weight of the condensable 
hydrocarbons are aromatic compounds. 



4* I 

1118. The method of claim 1097, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
Q hydrocarbons comprises multi-ring aromati^s with more than two rings. 

III 

!|; 1119. The method of claim 1097, whereiri the produced mixture comprises condensable 

?«! / 

N hydrocarbons, and wherein less than aboi^i 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloaljtanes. 

25 

1121. The method of claim 1097, Wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 122. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



10 
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1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

15 1 126. The method of claim 1 125, whereii/ the partial pressure of H 2 is measured when 
the mixture is at a production well. 

1 127. The method of claim 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 

25 1 129. The method of claim 109X further comprising: 

providing hydrogen (H 2 ) jo the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sbction with heat from hydrogenation. 
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1 130. The method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the/selected section to greater than about 100 
millidarcy. 

10 1 132. The method of claim 1097, wherei/i allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 



Q 
4* 
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1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



20 1 135. The method of claim 1097/, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



30 



1 136. The method of claim 1097, further comprising providing heat from three or more 

ion i 



heat sources to at least a portioh of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

pattern, and wherein a plurality of the units are repeated 
o form a repetitive pattern of units. 



sources comprises a triangular 
over an area of the formation t 



1137. A method of treating a 



:oal formation in situ, comprising: 
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heating a section of the formation to a pyrolysis temperature from at least a first 
heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat source are located along a perimeter of 
the section; 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a fate configured to produce a mixture 
from the formation with an olefin content of less tnari about 15% by weight of 
condensable fluids (on a dry basis) within the pr/duced mixture; and 

producing the mixture from the formation through a production well. 

1138. The method of claim 1137, wherein/superposition of heat form the first heat 
source, second heat source, and third heat ^ource pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 



15 1 139. The method of claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. 

1 140. The method of claim 1137, ^herein the first heat source is operated for less than 
about twenty four hours a day. 

20 

1141. The method of claim 1137^ wherein the first heat source comprises an electrical 
heater. 

1 142. The method of claim 1 1^7, wherein the first heat source comprises a surface 
25 burner. 

1 143. The method of claim 1 137, wherein the first heat source comprises a flameless 
distributed combustor. 



30 1 144. The method of claim 1 137, wherein the first heat source, second heat source and 
third heat source are positionedsubstantially at apexes of an equilateral triangle. 
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1 145. The method of claim 1137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

5 1 146. The method of claim 1137, further comprising a/fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heaj/ sources are located substantially at 
apexes of a regular hexagon. 

10 

1 148. The method of claim 1 147, wherein the production well is located substantially at 
a center of the hexagon. 

1 149. The method of claim 1137, further comprising controlling a pressure and a 
15 temperature within at least a majority of the Section of the formation, wherein the 

pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1 150. The method of claim 1137, wherein controlling the temperature comprises 
20 maintaining the temperature within the ^elected section within a pyrolysis temperature 

range. 

1151. The method of claim 1137, fublher comprising controlling the heat such that an 
average heating rate of the section is /ess than about 3 °C per day during pyrolysis. 



25 



1 152. The method of claim 1 137, further comprising controlling the heat such that an 



average heating rate of the section i 



30 sources to at least the portion of foi 



less than about 1 °C per day during pyrolysis. 



1 153. The method of claim 1 137, wherein providing heat from the one or more heat 



lation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation; 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is ah average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 154. The method of claim 1137, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 



4* 

m 



1 155. The method of claim 1137, wherein providing heat from the one or more heat 
15 sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 



20 



1 156. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 1 158. The method of claim If 137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 



ethane is greater than about 



0.001. 
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1 159. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 160. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



41 
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1161. The method of claim 1137, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1 162. The method of claim 1137, wherein ihe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/ 



15 



20 



1 163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tha/i about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 



25 



1 164. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 165. The method of claim 1 13 J, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 166. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4* 
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1 167. The method of claim 1 137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volum(e of the non-condensable 
component, and wherein the hydrogen is less than aboul/80 % by volume of the non- 
condensable component. 



1 168. The method of claim 1 137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, wherein theyproduced mixture comprises ammonia, 
15 and wherein the ammonia is used to produce fertilizer. 

1 170. The method of claim 1 137, further comprising controlling a pressure within at 
least a majority of the selected section of tlye formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 1 1 72. The method of claim 1171, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 



30 



1173. The method of claim 1137 
formation to inhibit production 
numbers greater than about 25. 



'urther comprising altering a pressure within the 
of hydrocarbons from the formation having carbon 
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1 174. The method of claim 1 137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 1 75. The method of claim 1 137, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1 176. The method of claim 1 137, wherein the produced mixture comprises hydrogen 

10 and condensable hydrocarbons, the method further/comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 177. The method of claim 1 137, heating the sfection comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

15 

1 178. The method of claim 1 137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 

1 179. The method of claim 1137, further/comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



25 



30 



1 180. The method of claim 1 137, wherein producing the mixture comprises producing 
the mixture in a production well, and Wherein at least about 7 heat sources are disposed in 
the formation for each production well/. 

1181. The method of claim 1 137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 1. 
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1 1 82. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 183. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources Jo at least a portion of the 

formation; 

allowing the heat to transfer from the one $/r more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less man about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 184. The method of claim 1 183, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 1 85. The method of claim 1183/ wherein the one or more heat sources comprise 
electrical heaters. 



1 1 86. The method of claim 1 
25 surface burners. 



1/83, wherein the one or more heat sources comprise 



1 1 87. The method of claim/l 1 83, wherein the one or more heat sources comprise 
flameless distributed combustors. 



30 1 188. The method of clairh 1 1 83, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 1 89. The method of claim 1183, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 190. The method of claim 1 189, wherein controlling the temperature comprises 
maintaining the temperature within the selected se^/ion within a pyrolysis temperature 



range. 



1191. The method of claim 1 183, further comprising controlling the heat such that an 
average heating rate of the selected section is/less than about 1 °C per day during 
pyrolysis. 

1 192. The method of claim 1 1 83, whereYn providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqjuation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p H is formation bulk depsity, and wherein the heating rate is less than about 1 0 
°C/day. 



83 



1 1 93. The method of claim 1 1 
transferring heat substantially by 



, wherein allowing the heat to transfer comprises 
conduction. 
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1 194. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



5 1 195. The method of claim 1 183, wherein the produced ^mixture comprises condensable 
hydrocarbons having an API gravity of at least about 21 



m 

HI 



10 



15 



20 



1 196. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigjat to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 197. The method of claim 1 183, wherein /he produced mixture comprises non- 
condensable hydrocarbons, and wherein al/out 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 198. The method of claim 1 1 83, whirein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less thjin about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001., 

1 199. The method of claim 1 18ft, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less Ahan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 1200. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein k ss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyc rocarbons is sulfur. 



1201. The method of claim 
30 hydrocarbons, wherein abou 



1 183, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1202. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weiglit of the condensable 



hydrocarbons are aromatic compounds. 



/ 



10 



1203. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witja more than two rings. 



m 

•if 15 

ill 
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1204. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about O.p % by weight of the condensable 
hydrocarbons are asphaltenes. 

1205. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalfeanes. 



20 



25 



1206. The method of claim 1 1 83, wjherein the produced mixture comprises a non- 
condensable component, wherein thk non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1207. The method of claim 1183, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



30 



1208. The method of claim 1 1 
and wherein the ammonia is us^d 



S3, wherein the produced mixture comprises ammonia, 
to produce fertilizer. 
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1209. The method of claim 1 183, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 1210. The method of claim 1 1 83, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 bar. / 

/ 

1211. The method of claim 1211, wherein the partial pressure of H 2 is measured when 
10 the mixture is at a production well. 

1212. The method of claim 1 1 83, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. j 

t 
1 

15 / 

1213. The method of claim 1 183, wherein controlling formation conditions comprises 
e |] recirculating a portion of hydrogen from the mixture into the formation. 



a} 



1214. The method of claim 1183, further comprising: 
20 providing hydrogen (H 2 ) to tne heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1215. The method of claim 1 1 8S , wherein the produced mixture comprises hydrogen 

25 and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim 1 183, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

30 millidarcy. 
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1217. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1 1 83, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

1219. The method of claim 1 183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at lea^t about 7 heat sources are disposed in 



the formation for each production well. / 

1220. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1221 . The method of claim 1 1 83, further/comprising providing heat from three or more 
heat sources to at least a portion of the fo/mation, wherein three or more of the heat 
sources are located in the formation in a (init of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a/repetitive pattern of units. 

1222. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 
25 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and w lerein less than about 1 % by weight, when calculated 

sable hydrocarbons is oxygen. 



on an atomic basis, of the condens 
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1223. The method of claim 1222, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5 

1224. The method of claim 1222, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

/' 

1225. The method of claim 1222, wherein the one or pore heat sources comprise 
10 surface burners. 

€? 

fjO 1226. The method of claim 1222, wherein the one or more heat sources comprise 

J! _ _ / 

1^ flameless distributed combustors. / 

V / 
4' I 

!!0 15 1227. The method of claim 1222, wherein the oi]fe or more heat .sources comprise natural 
distributed combustors. / 



1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

20 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The method of claim 1228, whereiiV controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 

25 range. 

1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

30 
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123 1 . The method of claim 1222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



15 



1232. The method of claim 1222, wherein allpwing the heat to transfer comprises 
transferring heat substantially by conduction. ^ 

1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at/least about 25°. 



25 



30 



1235. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %/by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1236. The method of claim 1222, wherein 
condensable hydrocarbons, and where 
of the non-condensable hydrocarbons 



the produced mixture comprises non- 
n about 0.1 % by weight to about 1 5 % by weight 
olefins. 



are 



\ 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

/ 

// 

1238. The method of claim 1222, wherein the producecr mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogenV 



?£3 



10 1239. The method of claim 1222, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1240. The method of claim 1222, wherean the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1241 . The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1242. The method of claim y222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



30 



1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



hydrocarbons comprises 



multi-ring aromatics with more than two rings. 
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1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



ffi 



5 1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



10 



/ 



condensable hydrocarbons are cycloalkanes. 



1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cyndensable component comprises hydrogen, 
wherein the hydrogen is greater than about /10 % by volume of the non-condensable 
component, and wherein the hydrogen is lpss than about 80 % by volume of the non- 
condensable component. 



111 



15 1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tham about 0.5 bar. 



1251. The method of claim 12$0, wherein the partial pressure of H2 is measured when 
30 the mixture is at a production w^ll. 
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1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ 

1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture /into the formation. 



1254. The method of claim 1222, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of the section with hfeat from hydrogenation. 



1255. The method of claim 1222, whereirythe produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
15 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



|| I 1256. The method of claim 1222, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority /of the selected section to greater than about 100 
millidarcy. 

20 

1257. The method of claim 1222, w/herein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 

1258. The method of claim 1222, /further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1259. The method of claim 1222L wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production) well. 

30 
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1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1261. The method of claim 1222, further comprising providing heat from three or more 

heat sources to at least a portion of the formation/ wherein three or more of the heat 

I 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular pattern, and wherpin a plurality of the units are repeated 
10 over an area of the formation to form a repetitive pattern of units. 

q \ 

ijjj 1262. A method of treating a coal formation ill situ, comprising: 

"f- / 

\*l providing heat from one or more heat sources to at least a portion of the 

4* formation; 

j|l 15 allowing the heat to transfer from the^ne or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein lesk than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1264. The method of claim 1262, whjbrein the one or more heat sources comprise 
electrical heaters. 



1265. The method of claim 1262, wherein the one or more heat sources comprise 
30 surface burners. > 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
5 distributed combustors. 



ft! 
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1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or/the temperature is controlled as 
a function of pressure. 



1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyro lysis temperature 
range. 

1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section fs less than about 1 °C per day during 
pyrolysis. 

1271 . The method of claim 1262, whereiiy providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of t/ne coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 



wherein Pwr is the heating 
formation, p B is formation bulk den 
°C/day. 



ergy/day, h is an average heating rate of the 
sity, and wherein the heating rate is less than about 10 



\ 
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1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation suct/that a thermal conductivity of at 
least a portion of the selected section is greater than atbout 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



11- 

15 1276. The method of claim 1262, wherein die produced mixture comprises non- 
g| condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

of the non-condensable hydrocarbons are olefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a mplar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than qtoout 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1278. The method of claim 1262, wnerein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less thary about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tlian about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



111 



1281. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



/ 



hydrocarbons are aromatic compounds. 



10 1282. The method of claim 1262, wherein thejproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics/with more than two rings. 

1283. The method of claim 1262, wherein me produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about j0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkftnes. 



25 



1285. The method of claim 1262, wherein the produced mixture comprises a non- 
condensable component, wherein the/non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thanf about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



30 



1286. The method of claim 1262 
and wherein greater than about 0. 



wherein the produced mixture comprises ammonia, 
05 % by weight of the produced mixture is ammonia. 
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1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1288. The method of claim 1262, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, whereip the controlled pressure 
is at least about 2.0 bar absolute. 



10 



1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , /wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1290. The method of claim 1289, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



fXJ 15 1291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons prom the formation having carbon 
numbers greater than about 25. 



'Ill 

4i 



1292. The method of claim 1262, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 



25 



1293. The method of claim 1262, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section With heat from hydrogenation. 



30 



1294. The method of claim 1262, whq 
and condensable hydrocarbons, the me 
the produced condensable hydrocarbor 



ein the produced mixture comprises hydrogen 
hod further comprising hydrogenating a portion of 
s with at least a portion of the produced hydrogen. 
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1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1297. The method of claim 1262, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein ft least about 7 heat sources are disposed in 
the formation for each production well. 



15 1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

Hi 

J- sources comprises a triangular pattern. 

20 1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form /a repetitive pattern of units. 

25 

1301. A method of treating a coal flbrmation in situ, comprising: 

raising a temperature of a fn/st section of the formation with one or more heat 

sources to a first pyrolysis temperatpre; 

heating the first section to an upper pyrolysis temperature, wherein heat is 
30 supplied to the first section at a ratelconfigured to inhibit olefin production; 
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producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and H 2 ; 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of Hb than the first mixture; 4 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; j 

providing a portion of the second mixture to ti^e second section; 

heating the second section to an upper pyrol^is temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture from the second/section. 



1302. The method of claim 1301, wherein creating the second mixture comprises 
removing condensable hydrocarbons from ther first mixture. 

15 1303. The method of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide from the firs/ mixture. 

20 

1305. The method of claim 1301, ^herein the first pyrolysis temperature is greater than 
about 270 °C. 

1306. The method of claim 130 y, wherein the second pyrolysis temperature is greater 
25 than about 270 °C. 



1307. The method of claim 13jul, wherein the upper pyrolysis temperature is about 500 
°C. 



30 1308. The method of claim 1301, 
least two heat sources, and wHerein 



wherein the one or more heat sources comprise at 
superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 



1309. The method of claim 1301, wherein the one or more heat sources comprise 

electrical heaters. / 

/ 

/ \ 
/ X 

1310. The method of claim 1301, wherein the or^e or more heat sources comprise 



surface burners. 



/ 



10 1311. The method of claim 1301, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustors. 



15 



20 



1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority/of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301/ further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 



25 



30 



1315. The method of claim 13pl, wherein heating the first and the second sections 
comprises: 

heating a selected volurhe (V) of the coal formation from the one or more heat 

has an average heat capacity (C v ), and wherein the heating 



sources, wherein the formation 



wherein heating energy 
wherein Pwr is calculated by 



pyrolyzes at least some hydroc irbons within the selected volume of the formation; and 



day provided to the volume is equal to or less than Pwr, 
equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 

1317. The method of claim 1301, whereinheating the first and second sections 

10 comprises heating the first and second sec/tions such that a thermal conductivity of at least 
a portion of the first and second sections/is greater than about 0.5 W/(m °C). 



1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 



15 



1319. The method of claim 1301, ^herein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

20 1320. The method of claim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 
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1321. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, ana wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1 322. The method of claim 
condensable hydrocarbons, a^id 
on an atomic basis, of the condensable 



301, wherein the first or third mixture comprises 
wherein less than about 1 % by weight, when calculated 
hydrocarbons is oxygen. 
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1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

5 1324. The method of claim 1301, wherein the first or third mixture comprises 

condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

/ 

10 1325. The method of claim 1301, wherein thp first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

1326. The method of claim 1301, whereiri the first or third mixture comprises 
15 condensable hydrocarbons, and wherein liss than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

1327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 

20 condensable hydrocarbons are asphaltenes. 

1328. The method of claim 1301, wnerein the first or third mixture comprises 
condensable hydrocarbons, and whetfein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cf cloalkanes. 

25 / 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydroge n is greater than about 10 % by volume of the non- 
condensable component and where n the hydrogen is less than about 80 % by volume of 

30 the non-condensable component. I 
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1330. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. ■ 

1332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of the* formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

10 

l *l 1 333 • The method of claim 1301, further comprising controlling formation conditions to 

.jja produce a mixture of condensable hydrocarbons and H 2? wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 b 

4* 

|Y| 15 1 334. The method of claim 1333, wherein the partial pressure of H 2 within a mixture is 
^ measured when the mixture is at a production well. 



m 



1335. The method of claim 1301, further/comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1336. The method of claim 1301, further comprising: 
providing hydrogen (H 2 ) to the/first or second section to hydrogenate 

hydrocarbons within the first or second section; and 
25 heating a portion of the first dr second section with heat from hydrogenation. 

1337. The method of claim 1301, mirther comprising: 

producing hydrogen and coiidensable hydrocarbons from the formation; and 



hydrogenating a portion of 
30 portion of the produced hydrogen. 



1|he produced condensable hydrocarbons with at least a 
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1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second section. 



4? 



III 



f! 5 



10 



1340. The method of claim 1301, wherein the' heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1341 . The method of claim 1301 , wherein/producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 



1342. The method of claim 1301, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in £ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 343 . The method of claim 1301, futfther comprising providing heat from three or more 
20 heat sources to at least a portion of thjb formation, wherein three or more of the heat 

sources are located in the formation fa a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattedn, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 1344. A method of treating a coal brmation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
30 producing a mixture from thd formation; and 
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hydrogenating a portion of the produced mixture with H 2 produced from the 
formation. 

1345. The method of claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 346. The method of claim 1 344, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1347. The method of claim 1344, wherein the ohe or more heat sources comprise 
electrical heaters. / 

1348. The method of claim 1344, wherein the/ one or more heat sources comprise 
surface burners. / 

1349. The method of claim 1344, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1350. The method of claim 1 344, whereinf the one or more heat sources comprise natural 
distributed combustors. / 

1351. The method of claim 1 344, furthel comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1352. The method of claim 1344, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 



wherein Pwr is the heating energy/day, h is^an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1354. The method of claim 1344, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1355. The method of claim 1344, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1356. The method of claim 1344, whereinf the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1344, wherdin the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1358. The method of claim 1344, whdrein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. / 

/ 

1361. The method of claim 1344, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. / 

1362. The method of claim 1344, wherein the pi/oduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing confounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1363. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. / 

1364. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 

1365. The method of claim 1344, whj 
hydrocarbons, and wherein less than afl 
hydrocarbons are asphaltenes. / 



erein the produced mixture comprises condensable 
?out 0.3 % by weight of the condensable 
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1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ab/ut 80 % by volume of the non- 
condensable component. 



1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight df the produced mixture is ammonia. 

1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1370. The method of claim 1344, further comfprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371. The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



1372. The method of claim 1344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1373. The method of claim 1344, further 
formation to inhibit production of hydrocarbons 
numbers greater than about 25. 



comprising altering a pressure within the 
from the formation having carbon 
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1374. The method of claim 1344, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

heating a portion of the section with heat from hydrogenation. 

/ 

1 375. The method of claim 1 344, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected s/ction to greater than about 100 
millidarcy. 

10 1 376. The method of claim 1 344, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability </f a majority of the selected section. 



j** 1 377. The method of claim 1 344, further comp/ising controlling the heat to yield greater 

>£ than about 60 % by weight of condensable hyd/ocarbons, as measured by Fischer Assay. 

jU 1378. The method of claim 1344, wherein producing the mixture comprises producing 

■p the mixture in a production well, and whereiA at least about 7 heat sources are disposed in 

r » the formation for each production well. 

¥* 
Zi 

20 1 379. The method of claim 1 344, further/comprising providing heat from three or more 
heat sources to at least a portion of the fo/mation, wherein three or more of the heat 
sources are located in the formation in a/anit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

25 1 380. The method of claim 1 344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patterfi, and wherein a plurality of the units are repeated 
over an area of the formation to forni a repetitive pattern of units. 



30 



1381 . A method of treating a coal formation in situ, comprising: 
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heating a first section of the formation; 
producing H 2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H 2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 
formation. 

/ 

/ 

/ 

1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 



1384. The method of claim 1381, whereiA heating the first section or heating the second 
15 section comprises heating with a flamele/s distributed combustor. 



1385. The method of claim 1381, whdrein heating the first section or heating the second 
section comprises heating with a natu/al distributed combustor. 



20 



1386. The method of claim 1381, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled 4s a function of temperature, or the temperature is 
controlled as a function of pressure. 



25 



1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the firstjor second section is less than about 1 °C per day during 
pyrolysis. 



1388. The method of claim 1 
30 section further comprises: 



381, wherein heating the first section or heating the second 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, an$ wherein the heating rate is less than about 10 



°C/day. 



/ 



1 3 89. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 



15 



1 390. The method of claim 1381, Wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater than about 0.5 W/(m °C). 



20 



1391 . The method of claim 138y, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about 25°. 



25 



1392. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



30 



1 393. The method of claini 1381, further comprising producing a mixture from the 
second section, wherein thd produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio df ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 
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1 394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 



1 396. The method of claim 1381, furtWr comprising producing a mixture from the 
second section, wherein the produced fixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight^ when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing corr/pounds, and wherein the oxygen containing compounds 
comprise phenols. j 

1 398. The method of claim 1681, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 2D % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

1 399. The method of clai/n 1381, further comprising producing a mixture from the 
second section, wherein th'e produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more :han two rings. 



condensable hydrocarbons is oxygen. 
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1 400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

1401. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by/Weight, of the condensable hydrocarbons 
are cycloalkanes. 

1 402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of thi non-condensable component, and wherein the 
hydrogen is less than about 80 % by voRime of the non-condensable component. 

1403. The method of claim 1381 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

1 404. The method of claim 1381,/ further comprising producing a mixture from the 
second section, wherein the produbed mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 
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1405. The method of claim 13^1, further comprising controlling a pressure within at 
least a majority of the first or sejLond section of the formation, wherein the controlled 
pressure is at least about 2.0 baf absolute. 



1406. The method of claim 13 
produce a mixture of condensaple 
within the mixture is greater thin 



81, further comprising controlling formation conditions to 
hydrocarbons and H 2 , wherein a partial pressure of H 2 
about 0.5 bar. 
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1407. The method of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 

5 1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from^e formation having carbon 
numbers greater than about 25. 

1409. The method of claim 1381, further comprising: 
10 providing hydrogen (H 2 ) to the second section to hydrogenate hydrocarbons 

Q within the section; and 

heating a portion of the second sectio^ with heat from hydrogenation. 

,p 1410. The method of claim 1381, further Comprising: 

jji" 15 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the prpduced condensable hydrocarbons with at least a 



,|: portion of the produced hydrogen. 

ill 

p 1411. The method of claim 1381, wherein heating the first section or heating the second 

20 section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 

1412. The method of claim 1381, Avherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 

25 first or second section, respectively. 

1413. The method of claim 13811, further comprises controlling the heating of the first 
section or controlling the heat oflthe second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by Fischer Assay. 

30 



416 



Conley, Rose & Tayon, PC 



1414. The method of claim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereJh a plurality of the units are repeated 
over an area of the formation to form a repetitiW pattern of units. 

1417. A method of treating a coal formation/ln situ, comprising: 
providing heat from one or more hea^t sources to at least a portion of the 

formation; 

allowing the heat to transfer from ^he one or more heat sources to a selected 
section of the formation; 

producing a mixture from the fo/mation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H 2? wherein the partial 
pressure of H 2 within the mixture is greater than about 0.5 bar. 



1418. The method of claim 1417, Avherein the one or more heat sources comprise at 
least two heat sources, and whereiA superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. 

1421. The method of claim 1417, wherein the one oj/more heat sources comprise 
surface burners. 

1422. The method of claim 1417, wherein the <6ne or more heat sources comprise 
flameless distributed combustors. 

1423. The method of claim 1417, wherein the one or more heat sources comprise natural 
distributed combustors. 

1424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functior/of temperature, or the temperature is controlled as 
a function of pressure. ' 

1425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1426. The method of claim 14U7, wherein providing heat from the one or more heat 
sources to at least the portion off formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 



sources, wherein the formation 



has an average heat capacity (C v ), and wherein the heating 



pyrolyzes at least some hydrocirbons within the selected volume of the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1427. The method of claim 1417, wherein allow^g the heat to transfer comprises 
transferring heat substantially by conduction. 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 



15 1429. The method of claim 1417, whotein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



20 



1430. The method of claim 1417, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



25 



143 1 . The method of claim 14 IF, wherein the produced mixture comprises non- 
condensable hydrocarbons, and Avherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rangfes from about 0.001 to about 0.15. 

1432. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leis than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



\ 
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1433. The method of claim 141 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfu/ 

1435. The method of claim 1417, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greaterythan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1437. The method of claim 14y7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multiyring aromatics with more than two rings. 

1438. The method of claim 
hydrocarbons, and wherein h 
hydrocarbons are asphaltenej 

1439. The method of clain 
hydrocarbons, and wherein 
condensable hydrocarbons ; 

1440. The method of clain 
condensable component, wh< 



1417, wherein the produced mixture comprises condensable 
tss than about 0.3 % by weight of the condensable 



1417, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the 
re cycloalkanes. 



1417, wherein the produced mixture comprises a non- 
brein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1441. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

/ 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of th& formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



15 1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1445. The method of claim 141 7, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 



25 



1446. The method of claim 141 7/further comprising: 

providing hydrogen (H 2 ) tp the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sfection with heat from hydrogenation. 



30 



1447. The method of claim 1 41 7, further comprising: 

producing hydrogen arid condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



4* 

m 



■m 



10 
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1450. The method of claim 1417, further comprising controlling the heat to yield greater 

than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

1451. The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 
the formation for each production Well. 

1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion/ of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



20 



25 



30 



1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1454. The method of dlaim 1417, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



1455. A method of ttfcatin 

providing heat 
formation; 



g a coal formation in situ, comprising: 
from one or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H 2? as compared to the partial pressure of H 2 at atmospheric 
5 pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity/of at least about 25°. 

1456. The method of claim 1455, wherein th/one or more heat sources comprise at 
10 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarb/ns within the selected section of the 
formation. 



15 



1457. The method of claim 1455, further comprising maintaining a temperature within 
the selected section within a pyrolys/s temperature range. 



fx s 

HI 
O 
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1458. The method of claim 1455/ wherein the one or more heat sources comprise 
electrical heaters. 

1459. The method of claim 1455, wherein the one or more heat sources comprise 
surface burners. 



25 



1460. The method of clainy 1455, wherein the one or more heat sources comprise 
flameless distributed combmstors. 

1461 . The method of ckym 1455, wherein the one or more heat sources comprise natural 
distributed combustors. 



1462. The method of c 
30 temperature within at le&st 



aim 1455, further comprising controlling the pressure and a 
a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



m 



til 



10 
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1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (V) of/the coal formation from the one or more heat 
sources, wherein the formation has an Average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/ within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



20 



1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sdbtion is greater than about 0.5 W/(m °C). 



30 



1467. The method of cl^m 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



10 



1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 



1470. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



1471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab6ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



III 



20 



1472. The method of clainrl455, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bj weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pnenols. 



25 



1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les's than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1476. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than/about 80 % by volume of the non- 
condensable component. 

1478. The method of claim 1455, wherein tlWproduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1480. The method of claim 1455, furtheif comprising controlling the pressure within at 
least a majority of the selected section oflthe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1481. The method of claim 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 



1482. The method of claim 1455, farther comprising decreasing pressure of the selected 



section, to a lower limit of about atir 
condensable hydrocarbons produced 



ospheric pressure, to increase an amount of 
from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 



1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the ibrmation having carbon 
numbers greater than about 25. 

1485. The method of claim 1455, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section ^ith heat from hydrogenation. 

1487. The method of claim 1455, farther comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tile produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1489. The method of claim 1455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1490. The method of claim 
than about 60 % by weight of 



455, further comprising controlling the heat to yield greater 
condensable hydrocarbons, as measured by Fischer Assay. 
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1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



5 1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. f 

10 1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit rff heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and Wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

1494. A method of treating a coal fonnation in situ, comprising: 

providing heat from one or mon/ heat sources to at least a portion of the 
formation; 

allowing the heat to transfer fijom the one or more heat sources to a selected 
20 section of the formation; 

providing H 2 to the formaticjli to produce a reducing environment in at least some 
of the formation; 

producing a mixture from /he formation. 



25 1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least soma hydrocarbons within the selected section of the 
formation. 



30 1496. The method of claim 1 
the selected section within a p 



494, further comprising maintaining a temperature within 
rolysis temperature range. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 



1498. The method of claim 1494, wherein the one or more heat sources comprise 

electrical heaters. / 

/ 

/ 

1499. The method of claim 1494, wherein the onq'or more heat sources comprise 

/ 

surface burners. 

1500. The method of claim 1494, wherein tile one or more heat sources comprise 
flameless distributed combustors. 

1501. The method of claim 1494, wherein the one or more heat sources comprise natural 
distributed combustors. 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1504. The method of claini 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 



heating a selected 



olume (V) of the coal formation from the one or more heat 



pyrolyzes at least some hy< 



sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 



rocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



°C/day. 



/ 



1505. The method of claim 1494, wherein allowir^g the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

1506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thfon about 0.5 W/(m °C). 

15 1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of it least about 25°. 



20 



1508. The method of claim 1494, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.V % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



1509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1510. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lef s than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hyd 



ocarbons is nitrogen. 
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1511. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1512. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/When calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1513. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to ab6ut 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1514. The method of claim 1 494, whereir/ the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1515. The method of claim 1494, wtterein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/ about 5 % by weight of the condensable 
hydrocarbons comprises multi-rina/aromatics with more than two rings. 

1516. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessfthan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1517. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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25 



30 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



/■ 

/ 
/ 



1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, wherein/the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521. The method of claim 1494, furtwer comprising controlling a pressure within at 
least a majority of the selected section/of the formation, wherein the controlled pressure 



P is at least about 2.0 bar absolute. 

t,!Fl_ 

15 1522. The method of claim 1494,/further comprising controlling formation conditions to 
i} produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 

j; about 0.5 bar. 

Ill ■ 

Gl 1523. The method of claim 1494, wherein the partial pressure of H2 within the mixture 

* 20 is measured when the mixture/is at a production well. 

1 524. The method of claim/1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about/ 25. 



1525. The method of claim 1494, wherein providing hydrogen (H2) to the formation 
further comprises: 

hydrogenating hydrocarbons within the section; and 
heating a portion onthe section with heat from hydrogenation. 

1526. The method of claim \ 494, further comprising: 
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producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1528. The method of claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a peirneab/lity of a majority of the selected section. 

1529. The method of claim 1494, further yfcomprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and Wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1531. The method of claim 1 494, ftirther comprising providing heat from three or more 
heat sources to at least a portion of/the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1532. The method of claim 1494, further comprising providing heat from three or more 
heat sources to at least a portioi of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tD form a repetitive pattern of units. 

1533. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

providing H 2 to the selected section to hydrogenate hydrocarbons within the 

selected section and to heat a portion of the section with heat from the hydrogenation; 

/ 

and ^ 

controlling heating of the selected section by controlling amounts of H 2 provided 



to the selected section. 



/ 



1534. The method of claim 1533, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1535. The method of claim 1533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1536. The method of claim 1 533, wherein the one or more heat sources comprise 
20 electrical heaters. 

1537. The method of claim 1533f, wherein the one or more heat sources comprise 
surface burners. 



25 1538. The method of claim 1 5 
flameless distributed combustoi/s 



30 



1539. The method of claim 1 
distributed combustors. 



3, wherein the one or more heat sources comprise 



333, wherein the one or more heat sources comprise natural 
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1 540. The method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1541. The method of claim 1533, further comprisingcontrolling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



4- 



T' 3 



10 1542. The method of claim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation c/omprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the eqi/ation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 



1543. The method of claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 1544. The method of claim 1533, wherein providing heat from the one or more heat 

sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
30 formation, wherein the poduced mixture comprises condensable hydrocarbons having an 
API gravity of at least abdut 25°. 
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1546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

5 are olefins. 

1547. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

10 from about 0.001 to about 0.15. / 

1548. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wMen calculated on an atomic basis, of the 

15 condensable hydrocarbons is nitrogen. 

1549. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

20 condensable hydrocarbons is oxyger 

1550. The method of claim 1533^, further comprising producing a mixture from the 
formation, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by /Weight, when calculated on an atomic basis, of the 

25 condensable hydrocarbons is sulfur. 

1551. The method of claim A 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to aboit 30 % by weight of the condensable hydrocarbons comprise 

30 oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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1552. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. f 

/ 

/ 



10 



1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprised condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



15 



1554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight pf the condensable hydrocarbons are 
asphaltenes. 



20 



1555. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to ab^ut 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



1556. The method of claim 153tf, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by vomime of the non-condensable component, and wherein the 
hydrogen is less than about 80f % by volume of the non-condensable component. 



1557. The method of claim 1 



533, further comprising producing a mixture from the 



formation, wherein the produc ed mixture comprises ammonia, and wherein greater than 



30 about 0.05 % by weight of the 



produced mixture is ammonia. 
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1558. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



5 1559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

/ 

1560. The method of claim 1533, further comprising controlling formation conditions to 
10 produce a mixture from the formation, where/n a partial pressure of H 2 within the mixture 



15 



is greater than about 0.5 bar. 



/ 



/ 



1561. The method of claim 1 560, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1562. The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



20 1 563 . The method of claim 1533 ? /further comprising controlling formation conditions 
by recirculating a portion of hydrqfgen from a produced mixture into the formation. 



25 
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1564. The method of claim 153£S, further comprising: 

producing hydrogen and/condensable hydrocarbons from the formation; and 
hydrogenating a portiorJ of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1 565. The method of claim 
increasing a permeability of a 
millidarcy. 



1533 



, wherein allowing the heat to transfer comprises 
majority of the selected section to greater than about 100 
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1 566. The method of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1 567. The method of claim 1 533, wherein the heating is controlled of claim 1 533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 

/ 

1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit oyheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



~2 ; 



1569. The method of claim 1533, further (Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a .unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, dnd wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1570. An in situ method for producing H 2 from a coal formation, comprising: 
providing heat from one or yhore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture froflii the formation, wherein a H 2 partial pressure within the 
25 mixture is greater than about 0/5 bar. 



20 



30 



1571. The method of claim 1570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sorie hydrocarbons within the selected section of the 
formation. 



\ 
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1572. The method of claim 1570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1573. The method of claim 1570, wherein the one or more heat sources comprise 
electrical heaters. / 

1574. The method of claim 1570, wherein the pnc or more heat sources comprise 
surface burners. 

1575. The method of claim 1570, whereinihe one or more heat sources comprise 
flameless distributed combustors. 

1576. The method of claim 1 570, wherein the one or more heat sources comprise natural 
distributed combustors. 

1577. The method of claim 1570, further comprising controlling a pressure and a 
temperature within at least a majority /of the selected section of the formation, wherein 
the pressure is controlled as a functic^n of temperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of claim 1 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1579. The method of claim 157(9, wherein providing heat from the one or more heat 



sources to at least the portion of 
heating a selected volume 



ormation comprises: 

(V) of the coal formation from the one or more heat 



pyrolyzes at least some hydrocar 
wherein heating energy/d 
wherein Pwr is calculated by the 



sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 



bons within the selected volume of the formation; and 
ay provided to the volume is equal to or less than Pwr, 
quad on: 
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Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

5 

1580. The method of claim 1570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1581. The method of claim 1570, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1582. The method of claim 1570, wheyein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 / 

1583. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olemns. 

20 1 584. The method of claim 1 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1585. The method of claim A 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein Ifess than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1586. The method of claiin 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereir less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1588. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1589. The method of claim 1 570, wherein ^he produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1590. The method of claim 1570, wherfein the produced mixture comprises condensable 
hydrocarbons, and wherein less than atfout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring ardmatics with more than two rings. 

1591. The method of claim 1 570, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tha^l about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1592. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 593 . The method of claim 1 570, wherein the produced mixture comprises a non- 
condensable component, whei /ein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 



component, and wherein the 
condensable component. 



ydrogen is less than about 80 % by volume of the non- 
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1594. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1595. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

/ > 

1 596. The method of claim 1 570, further comprising controlling a pressure within at 
least a majority of the selected section of the/ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1597. The method of claim 1570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1598. The method of claim 1570, ffirther comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1 599. The method of claim 1 570, further comprising condensing a hydrocarbon 
component from the produced m/xture and hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. / 

1600. The method of claim 1570, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of section with heat from hydrogenation. 

1 60 1 . The method of claii 
increasing a permeability c 
millidarcy. 



1570, wherein allowing the heat to transfer comprises 
If a majority of the selected section to greater than about 100 



443 



Conley, Rose & Tayon, P C. 



1602. The method of claim 1570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1603. The method of claim 1570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1604. The method of claim 1570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

1 605. The method of claim 1 570, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation! in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portioW of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangularf pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 

1607. The method of claimf 1570, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1608. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat o transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen weight percenta ge of at least a portion of hydrocarbons in the selected section, 
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and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. 

1609, The method of claim 1608, wherein thr one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



i^ei 



161 1. The method of claim 1608, \^herein the one or more heat sources comprise 
15 electrical heaters. 



( p 1612. The method of claim 16087 wherein the one or more heat sources comprise 

surface burners. 



20 1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The method of claim y608, wherein the one or more heat sources comprise natural 
distributed combustors. 



1615. The method of claim 1608, further comprising controlling a pressure and a 
temperature within at least /a majority of the selected section of the formation, wherein 
the pressure is controlled a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



III 

f : 



5 1617. The method of claim 1 608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the/fcoal formation from the one or more heat 
sources, wherein the formation has an avet age heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = /z*F*C v */? B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
15 °C/day. 



20 



1618. The method of claim V608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of claim 1608, wherein providing heat from the one or more heat 
sources comprises heatinsf the selected section such that a thermal conductivity of at least 
a portion of the selected Section is greater than about 0.5 W/(m °C). 



1620. The method of cflaim 1608, wherein the produced mixture comprises condensable 
25 hydrocarbons having ah API gravity of at least about 25°. 



30 



1621. The method off claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



iff * 

m 
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1624. The method of claim 1608, wherein /he produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about l % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

1626. The method of claim 1608,/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen dbntaining compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 



25 



1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1628. The method of clairW 1608, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein 



hydrocarbons comprises multi-ring aromatics with more than two rings. 



ess than about 5 % by weight of the condensable 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are ^asphaltenes. 



1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes: 



/ 



163 1 . The method of claim 1608, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



15 1632. The method of claim 160Jy, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0/05 % by weight of the produced mixture is ammonia. 

1633. The method of claim lo08, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



1634. The method of claim/1608, further comprising controlling a pressure within at 
least a majority of the selecyed section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 
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1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



1 636. The method of c 
is measured when the m 



aim 1635, wherein the partial pressure of H2 within the mixture 
xture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1638. The method of claim 1608, further comprising controlling formation conditions 

/ 

by recirculating a portion of hydrogen from th^mixture into the formation. 



4* 
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1639. The method of claim 1608, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the section With heat from hydrogenation. 

1640. The method of claim 1608, furmer comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
15 hydrogenating a portion of th'e produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1641 . The method of claim 1608/ wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

20 millidarcy. 



1642. The method of claim 1$08, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 1643. The method of claim /l 608, further comprising controlling the heat to yield greater 
than about 60 % by weight ef condensable hydrocarbons, as measured by Fischer Assay. 



1644. The method of claim 1608, wherein producing the mixture comprises producing 



the mixture in a productior 



30 the formation for each production well. 



well, and wherein at least about 7 heat sources are disposed in 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un4 of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, an^i wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 
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1647. A method of treating a coal formation in situ, comprising: 
providing heat from one or m^re heat sources to at least a portion of the 

formation; 

allowing the heat to transfer/from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sorpe hydrocarbons within the selected section of the 
formation. 



1 649. The method of clain i 
the selected section within a 

1650. The method of claink 
electrical heaters. 



1647, further comprising maintaining a temperature within 
pyrolysis temperature range. 

1647, wherein the one or more heat sources comprise 
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165 1. The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. 



1652. The method of claim 1647, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 
/ 

1653. The method of claim 1647, wherein/the one or more heat sources comprise natural 
distributed combustors. / 



Q 

■y 
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10 1654. The method of claim 1647, further comprising controlling a pressure and a 

temperature within at least a majority /of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1655. The method of claim 1647/ further comprising controlling the heat such that an 
15 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1656. The method of claim 1©47, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

20 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 
25 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formatio^ bulk density, and wherein the heating rate is less than about 10 
°C/day. 



30 1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



/ 

1 660. The method of claim 1 647, wherein tlW produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. j 

1661. The method of claim 1647, whereM the produced mixture comprises non- 
condensable hydrocarbons, and wherein at molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1662. The method of claim 1647, wMrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than afbout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method of claim 1647, ivherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1664. The method of claim 164P, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroc arbons is sulfur. 



1665. The method of claim 16 
hydrocarbons, wherein about 5 c > 



7, wherein the produced mixture comprises condensable 
'o by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 

5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

/ 

hydrocarbons are aromatic compounds. 

1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

10 hydrocarbons comprises multi-ring aromatics \y/th more than two rings. 

m / 

!?!•■ 1668. The method of claim 1647, wherein the produced mixture comprises condensable 

jF hydrocarbons, and wherein less than about p. 3 % by weight of the condensable 

p hydrocarbons are asphaltenes. 



15 



1669. The method of claim 1647, wherein the produced mixture comprises condensable 
p p hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

20 1670. The method of claim 1647Jwherein the produced mixture comprises a non- 
condensable component, wherein ihe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



25 



1671 . The method of claim A 647, wherein the produced mixture comprises ammonia, 
and wherein greater than abAut 0.05 % by weight of the produced mixture is ammonia. 

1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 



30 and wherein the ammonia 



s used to produce fertilizer. 
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1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



10 



1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



%1 

31 
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1676. The method of claim 1647, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1677. The method of claim 164/, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of claim 16#7, further comprising: 
providing hydrogen (Hp to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of thjb section with heat from hydrogenation. 



1 679. The method of claim/1647, further comprising: 

25 producing hydrogen /and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hyc rogen. 

1680. The method of clairi 1647, wherein allowing the heat to transfer comprises 



30 increasing a permeability o 
millidarcy. 



a majority of the selected section to greater than about 100 
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1681. The method of claim 1647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1683. The method of claim 1647, wherein producing the mixture comprises producing 

the mixture in a production well, and^wherein at least about 7 heat sources are disposed in 

/ 

10 the formation for each production Well. 

<vi 1684. The method of claim 1647, further comprising providing heat from three or more 

heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
1 5 sources comprises a triangular pattern. 

1685. The method of claiiW 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



41 
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O sources are located in the formation in a unit of heat sources, wherein the unit of heat 

m / 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a coal formation in situ, comprising: 

providing heat fjpom one or more heat sources to at least a portion of the 
25 formation; 

allowing the heht to transfer from the one or more heat sources to a selected 
section of the formatior 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least 5 ome hydrocarbons in the selected section, and wherein at least a 
30 portion of the hydrocaibons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 $(o\ 
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wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 



1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition oflieat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1688. The method of claim 1686, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected sy&ction is between about 0.47 % and about 1 .5 % 
such that a majority of the producecymixture comprises condensable hydrocarbons. 

1690. The method of claim 1686/ wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691 . The method of claim 1^586, wherein the one or more heat sources comprise 
electrical heaters. 

1692. The method of clairrjf 1686, wherein the one or more heat sources comprise 
surface burners. 



1693. The method of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1694. The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



10 
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1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1697. The method of claim 1686, wherei^^roviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of/the coal formation from the one or more heat 
sources, wherein the formation has an Average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons/within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk ^ensity, and wherein the heating rate is less than about 10 
°C/day. 



25 
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1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1700. The method of clailm 
hydrocarbons having an Apl 



1686, wherein the produced mixture comprises condensable 
gravity of at least about 25°. 
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1701. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1702. The method of claim 1686, wherein the produced mixture comprises non- 

/' 

condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/0.001 to about 0.15. 



10 1703. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



15 
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1704. The method of claim 1686,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



1705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hynrocarbons is sulfur. 



25 



30 



1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise ^xygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1707. The method of 
hydrocarbons, and whdrein 
hydrocarbons are aromatic 



claim 1686, wherein the produced mixture comprises condensable 
greater than about 20 % by weight of the condensable 
compounds. 
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1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



m 



1710. The method of claim 1686, wherein the /produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes.y 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the non/condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen }s less than about 80 % by volume of the non- 
condensable component. 

1712. The method of claim 1686, Wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 



1713. The method of claim 1686/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used/to produce fertilizer. 



25 1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected pection of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolu 



1715. The method of claim 
30 produce the mixture, wherein 
about 0.5 bar. 



686, further comprising controlling formation conditions to 
a partial pressure of H2 within the mixture is greater than 
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1716. The method of claim 1715, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

5 1717. The method of claim 1686, further comprising; altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. • 

* 

1718. The method of claim 1686, further cbmprising controlling formation conditions 

10 by recirculating a portion of hydrogen from the mixture into the formation. 

/ 

/ 

1719. The method of claim 1686, further comprising: 

providing hydrogen (H2) to the/heated section to hydrogenate hydrocarbons 
within the section; and 
15 heating a portion of the section with heat from hydrogenation. 

1720. The method of claim 16867 further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion <^f the produced condensable hydrocarbons with at least a 

20 portion of the produced hydroge 

1721. The method of claim 1686, wherein allowing the heat to transfer comprises 
increasing a permeability of ajmajority of the selected section to greater than about 100 
millidarcy. 

25 

1 722. The method of claim 11 686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1723. The method of claim ll 686, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production welL 



m 
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1725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 



/ 



1726. The method of claim 1686, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wnerein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1727. A method of treating a coal formation in situ, comprising: 
providing heat from one or more Heat sources to at least a portion of the 

formation; 

allowing the heat to transfer fror£ the one or more heat sources to a selected 
section of the formation; 

wherein the selected section ha£ been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and / 

producing a mixture from the formation. 



1728. The method of claim 1727 
least two heat sources, and wherein 
sources pyrolyzes at least some hydrocarbons 
formation. 



wherein the one or more heat sources comprise at 
superposition of heat from at least the two heat 
within the selected section of the 
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1729. The method of claim 1727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
5 electrical heaters. 

1731. The method of claim 1727, wherein the one or more heat sources comprise 
surface burners. / 



10 



15 



20 



1732. The method of claim 1727, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1733. The method of claim 1727, wherein tpe one or more heat sources comprise natural 
distributed combustors. 

1734. The method of claim 1727, further/comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1735. The method of claim 1727, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 



30 



1736. The method of claim 1727, ^herein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( 7) of the coal formation from the one or more heat 

an average heat capacity (C v ), and wherein the heating 



sources, wherein the formation has 



pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 



wherein heating energy/da> 



wherein Pwr is calculated by the equation: 



provided to the volume is equal to or less than TVr, 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1737. The method of claim 1727, wherein allowing the4ieat to transfer comprises 
transferring heat substantially by conduction. 



m 

4- 
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1738. The method of claim 1727, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1740. The method of claim 1727, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % bf weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 1 74 1 . The method of claim 1 727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frorh about 0.001 to about 0.15. 



25 
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1742. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1743. The method of claim 1727 
hydrocarbons, and wherein less 
basis, of the condensable hydrocai 



wherein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
bons is oxygen. 



than 



\ 
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1744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1745. The method of claim 1727, wherein the produced,mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30% by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



13 



o 



10 1746. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about ]L0 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747. The method of claim 1727, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than aboiit 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1748. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than pboui 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 



1749. The method of claim 1727/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvcloalkanes. 

25 / 

1750. The method of claim 1727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 

\ 
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1751. The method of claim 1727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1752. The method of claim 1727, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 



m 
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1753. The method of claim 1727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. ^ 

/ 

/ 

1754. The method of claim 1727, further con^rising controlling formation conditions to 
produce the mixture, wherein a partial pressijf e of H 2 within the mixture is greater than 
about 0.5 bar. 

15 1755. The method of claim 1754, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



.JC! 



20 



1756. The method of claim 1727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1757. The method of claim 1727 J further comprising controlling formation conditions 
by recirculating a portion of hydrdgen from the mixture into the formation. 



, further comprising: 
to the heated section to hydrogenate hydrocarbons 



25 1758. The method of claim 172/7 
providing hydrogen (H2) 
within the section; and 

heating a portion of the Section with heat from hydrogenation 



30 1759. The method of claim 1727, further comprising: 

producing hydrogen andlcondensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



10 



15 



20 



1760. The method of claim 1727, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



millidarcy. 



/ 



/ 



1761. The method of claim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability o^a majority of the selected section. 

/ 
/ 

1762. The method of claim 1727, further composing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1764. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation ip a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



25 



30 



1765. The method of claim 1 727,/further comprising providing heat from three or more 
heat sources to at least a portion oi the formation, wherein three or more of the heat 
sources are located in the formatiJon in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1766. A method of treating a 

providing heat from one 
formation; 



cbal 



formation in situ, comprising: 
or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 



10 



1767. The method of claim 1766, wherein the one or more Fieat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the ^elected section of the 
formation. 



t: 15 



1768. The method of claim 1766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1769. The method of claim 1766, wherein the qoie or more heat sources comprise 
electrical heaters. 



t $3 



1770. The method of claim 1766, wherein tfie one or more heat sources comprise 
surface burners. 

20 

1771. The method of claim 1766, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1772. The method of claim 1766, wnerein the one or more heat sources comprise natural 
25 distributed combustors. 



30 



1773. The method of claim 1766, /further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 774. The method of claim 1 766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 1775. The method of claim 1 766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity^ (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 
4* wherein Pwr is the heating energy/day, h is an average heating rate of the 

p formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



& 15 °C/day. 



ill. 
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1 776. The method of claim 1 766, wherein allow/ng the heat to transfer comprises 
transferring heat substantially by conduction. 

1777. The method of claim 1766, wherein providing heat from the one or more heat 
sources comprises heating the selected sectioA such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 778. The method of claim 1 766, whereiA the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of ay least about 25°. 

1 779. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/| by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins, j 

30 
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1780. The method of claim 1 766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

1781. The method of claim 1 766, wherein the produced mixture c^Aiprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. ^ 



1782. The method of claim 1766, wherein the produced mixture comprises condensable 

10 hydrocarbons, and wherein less than about 1 % by weight; 7 when calculated on an atomic 

□ basis, of the condensable hydrocarbons is oxygen, 

■m 

4* 1783. The method of claim 1 766, wherein the produced mixture comprises condensable 

!p hydrocarbons, and wherein less than about 1 % bw weight, when calculated on an atomic 

**1 15 basis, of the condensable hydrocarbons is sulfu^ 



1784. The method of claim 1 766, wherein/the produced mixture comprises condensable 
'!f hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
O hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

5 " 20 containing compounds comprise phenyls. 

1785. The method of claim 1766,/vherein the produced mixture comprises condensable 
hydrocarbons, and wherein greatefr than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1786. The method of claim J766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ikss than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 787. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1 788. The method of claim 1 766, wherein the producecLmixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 10 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1789. The method of claim 1766, wherein the/produced mixture comprises a non- 
condensable component, wherein the non-cotfdensable component comprises hydrogen, 
wherein the hydrogen is greater than aboutTO % by volume of the non-condensable 
component, and wherein the hydrogen is/ess than about 80 % by volume of the non- 
condensable component. 

1790. The method of claim 1766, Wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 791 . The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 792. The method of claim 1 766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1 793 . The method of clafim 1 766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



1794. The method of ilaim 
is measured when the 



1793, wherein the partial pressure of H 2 within the mixture 
rAixture is at a production well. 
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1795. The method of claim 1766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1 796. The method of claim 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

/ 

1 797. The method of claim 1 766, further comprising: 

providing hydrogen (H 2 ) to the heated/section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wi&i heat from hydrogenation. 

1 798. The method of claim 1 766, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of/the produced condensable hydrocarbons with at least a 

portion of the produced hydroger 

1 799. The method of claim 1/766, wherein allowing the heat to transfer comprises 
increasing a permeability of j. majority of the selected section to greater than about 100 
millidarcy. 

1 800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1801. The method of fclaim 1 766, further comprising controlling the heat to yield greater 
than about 60 % by wfeight of condensable hydrocarbons, as measured by Fischer Assay. 



1 802. The method Af claim 1 766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eafch production well. 
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1803. The method of claim 1166, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1805. A method of treating a coal forrhation in situ, comprising: 
providing heat from one or m^/re heat sources to at least a portion of the 

formation; 

allowing the heat to transfe/ from the one or more heat sources to a selected 
section of the formation; 

wherein the selected sectibn has been selected for heating using an atomic oxygen 
weight percentage of at least a r/ortion of hydrocarbons in the selected section, and 
wherein at least a portion of thi hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of ^fess than about 15% when measured on a dry, ash free 
basis; and 

producing a mixture from the formation. 

1806. The method of clairA 1 805, wherein the one or more heat sources comprise at 
least two heat sources, and/wherein superposition of heat from at least the two heat 
sources pyrolyzes at least |ome hydrocarbons within the selected section of the 
formation. 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 



the selected section within 



a pyrolysis temperature range. 
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1808. The method of claim 1805, wherein the one or more heat sources comprise 
electrical heaters. 

1809. The method of claim 1805, wherein the one or more heat sources comprise 
surface burners. f 

1810. The method of claim 1805, wherein the, one or more heat sources comprise 
flameless distributed combustors. 



m 
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10 1811. The method of claim 1 805, vyherein the one or more heat sources comprise natural 
distributed combustors. 



1812. The method of claim 1805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



15 
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1813. The method of claiiA 1 805, further comprising controlling the heat such that an 
average heating rate of the/selected section is less than about 1 °C per day during 
pyrolysis. 



1814. The method of cjfaim 1 805, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least som'e hydrocarbons within the selected volume of the formation; and 
wherein heatiAg energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



Pwr = h*V*C, 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



10 



1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 



4! 
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1817. The method of claim 1 805, whferein the produced mixture comprises condensable 
hydrocarbons having an API gravity/of at least about 25°. 

15 1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons areyolefins. 

1819. The method of claimf 1 805, wherein the produced mixture comprises non- 
20 condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon/ ranges from about 0.001 to about 0.15. 



25 



1820. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1821. The method Af claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein less than about 1 % by weight, when calculated on an atomic 



basis, of the condei 



sable hydrocarbons is oxygen. 
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1822. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1823. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenol^/ 



1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tKan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1 825. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 5 % by weight of the condensable 
hydrocarbons comprises multi-png aromatics with more than two rings. 

1826. The method of claim A 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1827. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen ii greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 829. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1830. The method of claim 1805, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. j 

10 
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1 832. The method of claim 1805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 



J: about 0.5 bar. 

4* 15 1833. The method of claim 1 832, whe/ein the partial pressure of H2 within the mixture 



is measured when the mixture is at a production well. 



HJ 1 834. The method of claim 1805, fiurther comprising altering a pressure within the 

I 

if I formation to inhibit production of hydrocarbons from the formation having carbon 



20 numbers greater than about 25. 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

25 1 836. The method of claim 1&05, further comprising: 

providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of ihe section with heat from hydrogenation. 

30 1 837. The method of claim 1 805, further comprising: 

producing hydrogqn and condensable hydrocarbons from the formation; and 

476 Conley, Rose & Tayon, P C. 



hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 
5 increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. - 

/ 

1839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 

10 section. / 

/ 

/ 

• fs i 
jjf 1840. The method of claim 1 805, further comprising controlling the heat to yield greater 

4° than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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15 1841. The method of claim 1805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

1 842. The method of claim 1 805, farther comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 843. The method of claim 1 805, further comprising providing heat from three or more 
25 heat sources to at least a portion bf the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular 
over an area of the formation tc 



{pattern, and wherein a plurality of the units are repeated 
form a repetitive pattern of units. 



30 1 844. A method of treating a - :■ 



oal formation in situ, comprising: 
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providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or mor;e heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons within the/selected section have an initial 
atomic oxygen weight percentage of less than about f5%; and 

producing a mixture from the formation. 



if* 



1845. The method of claim 1844, wherein the otic or more heat sources comprise at 
10 least two heat sources, and wherein superpositic/n of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons /vithin the selected section of the 
formation. 

1846. The method of claim 1844, further Comprising maintaining a temperature within 
15 the selected section within a pyrolysis temperature range 



1847. The method of claim 1844, whe/ein the one or more heat sources comprise 
electrical heaters. 



20 1848. The method of claim 1844, \*perein the one or more heat sources comprise 
surface burners. 



25 



1 849. The method of claim 1 844/ wherein the one or more heat sources comprise 
flameless distributed combustorsJ 

1850. The method of claim 18^4, wherein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 8|44 
30 temperature within at least a m&jority 



, further comprising controlling a pressure and a 
of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852. The method of claim 1844, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



s 



m 

Si 



MM 



1853. The method of claim 1844, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 
10 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
15 Pwr =h*V*C v *p B 

wherein Pwr is the heating e/iergy/day, h is an average heating rate of the 

formation, p B is formation bulk dei/sity, and wherein the heating rate is less than about 1 0 

°C/day. 

20 1854. The method of claim 1 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



1 855. The method of claim/ 1 844, wherein providing heat from the one or more heat 
sources comprises heating me selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1856. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons having an KPI gravity of at least about 25°. 
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1857. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



1 858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio/of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 xo'about 0.15. 



1859. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1860. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 /% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 861 . The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboM 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons As sulfur. 

1862. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1864. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 865. The method of claim 1 844, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight tp about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1 867. The method of claim 1 844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about L0 % by volume of the non-condensable 
component and wherein the hydrogen is lesp than about 80 % by volume of the non- 
condensable component. 

1868. The method of claim 1844, wherefin the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 1870. The method of claim 1 844, flu-ther comprising controlling a pressure within at 
least a majority of the selected secticp of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1871. The method of claim 1844, jurther comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 
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1872. The method of claim 1871, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



5 1 873 . The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from/the formation having carbon 
numbers greater than about 25. 



1 874. The method of claim 1 844, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the rrpxture into the formation. 

1875, The method of claim 1844, further comprising: 
providing hydrogen (H2) to the heated ^ection to hydrogenate hydrocarbons 

within the section; and 
15 heating a portion of the section withyheat from hydrogenation. 



.,'iz 

ill 

f v.- 

o 



20 



1 876. The method of claim 1 844, further/comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1 877. The method of claim 1 844, wnerein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1878. The method of claim 1844 
substantially uniformly increasin 



/ 



1 879. The method of claim 1 84 
30 than about 60 % by weight 



wherein allowing the heat to transfer comprises 
a permeability of a majority of the selected section. 



further comprising controlling the heat to yield greater 
of condensable hydrocarbons, as measured by Fischer Assay. 
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1880. The method of claim 1844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



sources are located in the formation in a unit of heat/sources, and wherein the unit of heat 



1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in i 
sources comprises a triangular pattern. 



1 882. The method of claim 1 844, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of/heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1883. A method of treating a coal formation in situ, comprising: 
providing heat from one or more h^at sources to at least a portion of the 

formation; 

allowing the heat to transfer fronjf the one or more heat sources to a selected 
section of the formation; 

wherein the selected section ha^ been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about L65; and 

producing a mixture from the formation. 

1 884. The method of claim 1 883 J wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



iff 
in* 
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1 886. The method of claim 1 883, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

1 887. The method of claim 1 883, wherein the one or more heat sources comprise 
surface burners. / 

/ 



1 888. The method of claim 1 883, wherein t^e one or more heat sources comprise 
flameless distributed combustors. 

1889. The method of claim 1883, wherein the one or more heat sources comprise natural 
15 distributed combustors. 



20 



1890. The method of claim 1883, further comprising controlling a pressure and a 
temperature within at least a majoriw of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



25 
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1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 892. The method of claim 1883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected vcflume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

/ 

1 893 . The method of claim 1883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1894. The method of claim 1883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1895. The method of claim 1883, where/n the produced mixture comprises condensable 
hydrocarbons having an API gravity of ax least about 25°. 

1 896. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 [Vo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefir 



25 



1 897. The method of claim 1 883, Avherein the produced mixture comprises non- 
condensable hydrocarbons, and wlnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges' from about 0.001 to about 0.15. 

1898. The method of claim 1883, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less 



basis, of the condensable hydrocarbons is nitrogen 



han about 1 % by weight, when calculated on an atomic 
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1899. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



10 



1900. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

/ 
/ 
/ 

/ 

1901. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to' about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise phenols. 



/ 
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1902. The method of claim 1883, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than ^bout 20 % by weight of the condensable 

hydrocarbons are aromatic compounds./ 

1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thary about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring/aromatics with more than two rings. 
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1904. The method of claim 188 J, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1905. The method of claim 1/883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein apout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ai/e cycloalkanes. 



1906. The method of claim 
condensable component, wHerein 



1883, wherein the produced mixture comprises a non- 

the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. . 

A 

1907. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



m 



10 



1908. The method of claim 1883, wherein thyp r °d uce d mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1909. The method of claim 1883, further comprising controlling a pressure within at 
least a majority of the selected section of /he formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1910. The method of claim 1883, further comprising controlling formation conditions to 
produce the mixture, wherein a partiay pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is at k production well. 



15 
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1912. The method of claim 1883/ further comprising altering a pressure within the 
formation to inhibit production oij hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1914. The method of claim 1883 

providing hydrogen (H2) 
within the section; and 



, further comprising: 
to the heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 

1915. The method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



1916. The method of claim 1883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



a. j 
41 



1917. The method of claim 1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



4! 
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15 1918. The method of claim 1883, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by Fischer Assay. 

1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
20 the formation for each production well/ 



25 



1 920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of tlAe formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



1921. The method of claim 1883/ further comprising providing heat from three or more 
heat sources to at least a portion off the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to f 3rm a repetitive pattern of units. 
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1922. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; 

5 allowing the heat to transfer from the one or more heat sources to the selected 

/ 

section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70;/ 

wherein the initial atomic hydrogen to carbon ration is less than about 1 .65; and 
10 producing a mixture from the formation. / 

. . I 

p 1923. The method of claim 1922, wherein the one ojf more heat sources comprise at 

?? least two heat sources, and wherein superposition oflieat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons withip the selected section of the 
15 formation. 

1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

20 1925. The method of claim 1922, wherein th^ one or more heat sources comprise 
electrical heaters. 

1926. The method of claim 1922, wherein /he one or more heat sources comprise 
surface burners. 

25 

1927. The method of claim 1922, where/n the one or more heat sources comprise 
flameless distributed combustors. 

1928. The method of claim 1922, wherein the one or more heat sources comprise natural 
30 distributed combustors. 
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1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. a 

/ ' 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than aboi^t 1 °C per day during 
pyrolysis. 



IB 



10 193 1 . The method of claim 1922, wherein providing peat from the one or more heat 
sources to at least the portion of formation comprisesy 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heatr capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the Selected volume of the formation; and 
15 wherein heating energy/day provided to /he volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/dafy, h is an average heating rate of the 
formation, p B is formation bulk density, anq wherein the heating rate is less than about 10 
20 °C/day. 



1932. The method of claim 1922, wheyein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 
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1933. The method of claim 1922, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 934. The method of claim 1922 
hydrocarbons having an API grav 



wherein the produced mixture comprises condensable 
ty of at least about 25°. 
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1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio oTethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to ^ibout 0.15. 
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1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by /veight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroger 

1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/d by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxwen. 

1939. The method of claim 1922, whereinrthe produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1941. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater Jthan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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5 1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. j 

I 

1944. The method of claim 1922, wherein the prody/ed mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to ^bout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cond4nsable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 1(1% by volume of the non-condensable 
component, and wherein the hydrogen is les^f than about 80 % by volume of the non- 
condensable component. 

1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1947. The method of claim 1922, whefrein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1 948. The method of claim 1 922, farther comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1 949. The method of claim 1 922 
30 produce the mixture, wherein a 
about 0.5 bar. 



further comprising controlling formation conditions to 
pakial pressure of H2 within the mixture is greater than 



Conley, Rose & Tayon, P C. 



1950. The method of claim 1949, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



195 1. The method of claim 1 922, further comprising allerira* a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



10 



1952. The method of claim 1922, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 
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1953. The method of claim 1922, further comprising: 
providing hydrogen (H2) to the heate^ section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wi^ii heat from hydrogenation. 

1954. The method of claim 1922, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the/ produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1955. The method of claim 1922,/wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1956. The method of claim 19E2, wherein allowing the heat to transfer comprises 



substantially uniformly increas 



1957. The method of claim IS 22, 
30 than about 60 % by weight of qondensable 



ng a permeability of a majority of the selected section. 



further comprising controlling the heat to yield greater 
hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1959. The method of claim 1922, further comprising'providing heat from three or more 
heat sources to at least a portion of the formation, Wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1960. The method of claim 1922, further comprising providing heat from three or more 
pi heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

Uj I 

4p sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

i=L / 

jr?M over an area of the formation to form a repetitive pattern of units. 
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1961 . A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 



' 20 section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
25 least a portion of the hydrocarbons in the selected section is less than about 0.15 and 
producing a mixture from the formation. 

1962. The method of claim 1961, wherein the one or more heat sources comprise at 
least two heat sources, an'd wherein superposition of heat from at least the two heat 
30 sources pyrolyzes at leas some hydrocarbons within the selected section of the 
formation. 

\ 494 Conley, Rose & Tayon, P C 



1963. The method of claim 1961 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

5 1 964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heaters. 



*0 



F™ 



m 



4= 

ill 
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1965. The method of claim 1961, wherein ijjie one or more heat sources comprise 
surface burners. 

1966. The method of claim 1961, wherei/i the one or more heat sources comprise 
flameless distributed combustors. 



1967. The method of claim 1961, wherein the one or more heat sources comprise natural 
15 distributed combustors. 

1968. The method of claim 1961, fldrther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fundtion of temperature, or the temperature is controlled as 

20 a function of pressure. 



25 



1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1970. The method of claim /l 961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hyc rocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



3 C/day. 



/ 



/ 



./ 



1971. The method of claim 1961, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



5 " s 

m 



15 1973. The method of claim 1961/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1974. The method of claim l^ol, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein afofmt 0.1 % by weight to about 15 % by weight of the 
20 condensable hydrocarbons are olefins. 



25 



1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

! 

1978. The method of claim 1961, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



ill 



1979. The method of claim 1961, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phemols. 

1980. The method of claim 1961, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greatetf than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 



20 



1981. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multifring aromatics with more than two rings. 



25 



30 



1982. The method of claim A 961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ijess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltentf 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1984. The method o 
condensable component, 



f cl&im 1961, wherein the produced mixture comprises a non- 

wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



10 



3 S3? 



1985. The method of claim 1961, wherein the produced mixture comprises ammonia, 

and wherein greater than about 0.05 % by weight o^he produced mixture is ammonia. 

/ 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 987. The method of claim 1 96 1 , further comprising controlling a pressure within at 
least a majority of the selected section ofythe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



4* 1 5 1 988. The method of claim 1 96 1 , further comprising controlling formation conditions to 
? j " produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 

•Zt about 0.5 bar. 



1989. The method of claim 198», wherein the partial pressure of H 2 within the mixture 
■ 20 is measured when the mixture is At a production well. 

1990. The method of claim 1^61, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 2/5. 

25 

1 99 1 . The method of clairnf 1 96 1 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 992. The method of claim 1 96 1 , further comprising: 

30 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogenation. 



1 993 . The method of claim 1 96 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. y 



)w/i£ 



10 



1994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the se/ected section to greater than about 100 
millidarcy. 



m 

Hi 



111 
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20 



1995. The method of claim 1961, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

1 996. The method of claim 1961, furthfer comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 997. The method of claim 1 96 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



1 998. The method of claim 1 98 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 999. The method of claim 1 96 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



30 sources are located in the 



brmation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 



2000. A method of treating a coal formation in situ, comprising 

providing heat from one or more heat sources to a selected section of the 
formation; / 

allowing the heat to transfer from the onp or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater thai/about 0.025; 

wherein the initial atomic oxygen to carbon ratio is less than about 0.15; and 

producing a mixture from the formation. 



m 



hi 



2001 . The method of claim 2000, wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
20 the selected section within aypyrolysis temperature range. 

2003. The method of claim 2000, wherein the one or more heat sources comprise 
electrical heaters. 



25 2004. The method of clpm 2000, wherein the one or more heat sources comprise 
surface burners. 

2005. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed c<pmbustors. 

30 
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2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 



2007. The method of claim 2000, further comprising controlling a pressure and a 
5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/or the temperature is controlled as 
a function of pressure. / 



ill 



2008. The method of claim 2000, further comprising controlling the heat such that an 
10 average heating rate of the selected section is l^ess than about 1 °C per day during 

pyrolysis. 

2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

15 heating a selected volume (V) of me coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqi^ation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating Energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



25 2010. The method of claim 2000, wherein allowing the heat to transfer comprises 



30 



transferring heat substantially by 



2000 



20 1 1 . The method of claim 
sources comprises heating the selected 
a portion of the selected section 



conduction. 



, wherein providing heat from the one or more heat 

section such that a thermal conductivity of at least 
is greater than about 0.5f W/(m °C). 
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2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 



2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00,/ to about 0.15. 



a*- 



sis 



15 



20 



201 5. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2016. The method of claim 2000, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 



25 



30 



201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by /weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



20 1 9. The method of claim 2000, 
hydrocarbons, and wherein greater 
hydrocarbons are aromatic compoiinds. 



wherein the produced mixture conlprises condensable 
than about 20 % by weight of the condensable 
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2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



202 1 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

/ 

10 2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tp about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2023. The method of claim 2000, wherein th^ produced mixture comprises a non- 
15 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is lgss than about 80 % by volume of the non- 
condensable component. 



20 2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 



25 



2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to /produce fertilizer. 

2026. The method of claim 2000, /further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



\ 
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2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

5 2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons froni/the formation having carbon 
10 numbers greater than about 25. 



2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



15 203 1 . The method of claim 2000, further comprising: 

m / 

providing hydrogen (H 2 ) to the heatecy section to hydrogenate hydrocarbons 
within the section; and 
ill heating a portion of the section witty heat from hydrogenation. 



L.i. 



20 2032. The method of claim 2000, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the jjroduced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

25 2033. The method of claim 2000, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2034. The method of claim 2000, wherein allowing the heat to transfer further 
30 comprises substantially uniform|y increasing a permeability of a majority of the selected 
section. 
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2035. The method of claim 2000, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

/ 

2037. The method of claim 2000, further compr/sing providing heat from three or more 
10 heat sources to at least a portion of the formatiyri, wherein three or more of the heat 

sources are located in the formation in a unit ^(f heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



!!! 2038. The method of claim 2000, further comprising providing heat from three or more 

p 15 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in k unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/; and wherein a plurality of the units are repeated 



HI over an area of the formation to form a repetitive pattern of units. 

20 2039. A method of treating a coajf formation in situ, comprising: 

providing heat from one ojc more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
25 wherein the selected section has been selected for heating using a moisture 

content in the selected section, and wherein at least a portion of the selected section 
comprises a moisture content/ of less than about 15%; and 



producing a mixture 



rom the formation. 



30 2040. The method of claim 



2039, wherein the one or more heat sources comprise at 



least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2041. The method of claim 2039, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2042. The method of claim 2039, wherein the one or niore heat sources comprise 



electrical heaters. 



/ 



/ 



/ 



2043. The method of claim 2039, wherein the on£ or more heat sources comprise 
surface burners. 

2044. The method of claim 2039, wherein ttye one or more heat sources comprise 
flameless distributed combustors. 

2045. The method of claim 2039, wherqfn the one or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 2039, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2047. The method of claim 203^9, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2048. The method of claim 
sources to at least the portioA 



'039, wherein providing heat from the one or more heat 
of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v *p fi 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



/ 



/ 
/ 



2049. The method of claim 2039, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 

15 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 



205 1 . The method of claim 203 9 J wherein the produced mixture comprises condensable 
hydrocarbons having an API grawty of at least about 25°. 

2052. The method of claim 2 OB 9, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 2053. The method of clairry 2039, wherein the produced mixture comprises non- 
condensable hydrocarbonsjand wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons /ranges from about 0.001 to about 0.15. 



2054. The method of clai 
30 hydrocarbons, and wherein 
basis, of the condensable 



m 2039, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
lydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 

2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % fiy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 2057. The method of claim 2039, whereirythe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

15 2058. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater /than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



2060. The method of claimf 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and whereimless than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



206 1 . The method of c 
hydrocarbons, and wherein 
condensable hydrocarbojns 



dm 2039, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the 
are cycloalkanes. 
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2062. The method of claim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
5 condensable component. 



2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 2064. The method of claim 2039, wherein^he produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section/of the formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2066. The method of claim 2039,/further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

20 

2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2068. The method of claim/2039, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than aboui 25. 



30 



2069. The method 
by recirculating a portion 



2070. The method of cl< 



of clajm 2039, further comprising controlling formation conditions 
of hydrogen from the mixture into the formation. 



im 2039, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2071 . The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 



portion of the produced hydrogen. 



/ 



/ 



10 2072. The method of claim 2039, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2073. The method of claim 2039, wherein/allowing the heat to transfer further 
15 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



ill 
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2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, arp wherein at least about 7 heat sources are disposed in 
the formation for each production 



25 
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2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion pf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular 



t attern. 



2077. The method of claim 
heat sources to at least a portioln 



2039 



further comprising providing heat from three or more 
of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



ili. 



5 2078. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; / , 

allowing the heat to transfer from tfcfe one or more heat sources to the selected 
section of the formation; / 
10 wherein at least a portion of the selected section has an initial moisture content of 

less than about 15%; and / 

\3 / 

\Q producing a mixture from the/fcrmation. 

CO 

2079. The method of claim 2078 Jwherein the one or more heat sources comprise at 
? |= 15 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2080. The method of claim 2078, further comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

208 1 . The method of clairry 2078, wherein the one or more heat sources comprise 
electrical heaters. 

25 2082. The method of clai^n 2078, wherein the one or more heat sources comprise 
surface burners. 

2083. The method of cliim 2078, wherein the one or more heat sources comprise 
flameless distributed conptbustors. 

30 
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2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
distributed combustors. 

> 

2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



ii! 

' as 

■IE 15 
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2086. The method of claim 2078, further comprising controlling the heat such that an 
10 average heating rate of the selected sectionals less than about 1 °C per day during 

pyrolysis. 

2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Vi of the coal formation from the one or more heat 
sources, wherein the formation has An average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the/equation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bullf density, and wherein the heating rate is less than about 10 
°C/day. 



25 2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



30 



2089. The method of clairr l 
sources comprises heating the 
a portion of the selected section 



2078, wherein providing heat from the one or more heat 
selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 
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2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2091. The method of claim 2078, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to abput 15 % by weight of the 

condensable hydrocarbons are olefins. / 

2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

10 condensable hydrocarbons ranges from about 0.0Q1 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nit/ogen. 

15 / 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 2095. The method of claim 2078, whferein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078,/wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 

2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 f/o by weight of the condensable 
hydrocarbons are asphaltenes. 

10 2100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



5, wMe 



H 2101. The method of claim 2078, wMerein the produced mixture comprises a non- 

J= 15 condensable component, wherein the non-condensable component comprises hydrogen, 
^ wherein the hydrogen is greater thaii about 10 % by volume of the non-condensable 

Q component, and wherein the hydrogen is less than about 80 % by volume of the non- 



% I condensable component. 

Iwh 20 2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than abom: 0.05 % by weight of the produced mixture is ammonia. 

2103. The method of claim/2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2105. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



5 21 06. The method of claim 2105, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2107. The method of claim 2078, further comp'rising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. 

2108. The method of claim 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

15 2109. The method of claim 2078, further comprising: 

providing hydrogen (H 2 ) to tpe heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

20 2110. The method of claim 2078, further comprising: 

producing hydrogen ana condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

25 2111. The method of claim 2078, wherein allowing the heat to transfer comprises 

increasing a permeability cff a majority of the selected section to greater than about 100 
millidarcy. 



2112. The method of cl Aim 
30 comprises substantially unifo: 
section. 



2078, wherein allowing the heat to transfer further 
rmly increasing a permeability of a majority of the selected 
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2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 21 14. The method of claim 2078, wherein producing the mixture comprises producing 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

/ 

the formation for each production well. / 

2115. The method of claim 2078, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2116. The method of claim 2078, further comprising providing heat from three or more 
1 5 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in A unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2117. A method of treating a com formation in situ, comprising: 

providing heat from one <fr more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
25 wherein the selected Section is heated in a reducing environment during at least a 

portion of the time that the selected section is being heated; and 

producing a mixture from the formation. 

2118. The method of claim 2117, wherein the one or more heat sources comprise at 



30 least two heat sources, ar 



d wherein superposition of heat from at least the two heat 



5 1 6 Conley, Rose & Tayon, P C. 



sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2119. The method of claim 2117, further comprising maintaining a temperature within 

5 the selected section within a pyrolysis temperature range. 

/ 

2120. The method of claim 2117, wherein the otjte or more heat sources comprise 
electrical heaters. 

10 2121. The method of claim 2117, wherein ^e one or more heat sources comprise 
surface burners. 

2122. The method of claim 2117, whe/ein the one or more heat sources comprise 
flameless distributed combustors. 

15 

2123. The method of claim 2117, ^herein the one or more heat sources comprise natural 
distributed combustors. 

2124. The method of claim 21 y7, further comprising controlling a pressure and a 
20 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2125. The method of claim 2117, further comprising controlling the heat such that an 
25 average heating rate of the /selected section is less than about 1 °C per day during 
pyrolysis. 



2126. The method of 
sources to at least the 



cla[im 2117, wherein providing heat from the one or more heat 
portion of formation comprises: 
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10 



heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / / 

wherein Pwr is the heating energy/day, h i$ 7 an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2127. The method of claim 2117, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2128. The method of claim 2117, wherein providing heat from the one or more heat 
15 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



20 



2129. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



30 



2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2132. The method 
hydrocarbons, and wh 
basis, of the condensa ? 



of claim 2117, wherein the produced mixture comprises condensable 
rein less than about 1 % by weight, when calculated on an atomic 
e hydrocarbons is nitrogen. 
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2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % tyy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



10 2135. The method of claim 2117, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weignt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pheno/s. 

15 2136. The method of claim 2117, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 211/7, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi^ring aromatics with more than two rings. 



25 



2138. The method of claim El 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



2139. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2140. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 

5 condensable component. 

2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 

and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 
/ 

10 2142. The method of claim 2117, wherein me produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



15 



2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected sectiorf of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



20 



2144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim £ 1 44, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2146. The method of claim 2117, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abput 25. 



30 



2147. The method of dlaim 2117, further comprising controlling formation conditions 
by recirculating a porti 3n of hydrogen from the mixture into the formation. 



2148. The method of 



claim 2117, further comprising: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

2149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. / 



10 



2150. The method of claim 2117, wherein 7 allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2151. The method of claim 2117, wherein allowing the heat to transfer comprises 

15 substantially uniformly increasing a permeability of a majority of the selected section. 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 2153. The method of claim 2/117, wherein producing the mixture comprises producing 
the mixture in a production Well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



30 



2 1 54. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2155. The method of cl^im 
heat sources to at least a 
sources are located in the 



2117, further comprising providing heat from three or more 
Dortion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2156. A method of treating a coal formation in situ, comprising: 

5 heating a first section of the formation to produce a mixture from the formation; 

heating a second section of the formation; and 

recirculating a portion of the produce^ mixture from the first section into the 
second section of the formation to provide ^ reducing environment within the second 
section of the formation. / 
10 / 

2 1 57. The method of claim 2156, further comprising maintaining a temperature within 
the first section or the second section^ within a pyrolysis temperature range. 

2158. The method of claim 2 1 56( wherein heating the first or the second section 
15 comprises heating with an electr/cal heater. 

2159. The method of claim ^56, wherein heating the first or the second section 
comprises heating with a surface burner. 



20 2160. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a mameless distributed combustor. 



25 



2161. The method of claim 2156, wherein heating the first or the second section 
comprises heating with k natural distributed combustor. 

2162. The method of/claim 2156, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



30 



522 



Conley, Rose & Tayon, PC. 




2163. The method of claim 2156, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. 



5 2164. The method of claim 2156, wherein heating the first or the second section 
comprises: 

heating a selected volume (V) of the coal 7 formation from one or more heat 
sources, wherein the formation has an average/heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within/he selected volume of the formation; and 
10 wherein heating energy/day provide^ to the volume is equal to or less than Pwi% 

wherein Pwr is calculated by the equatior 

Pwr-h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
15 °C/day. 



2165. The method of claim 2156,/ wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

20 2166. The method of claim 2156, wherein heating the first or the second section 

comprises heating the first or tme second section such that a thermal conductivity of at 
least a portion of the first or tne second section is greater than about 0.5 W/(m °C). 

2167. The method of claim/2156, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



2168. The method of clawn 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2169. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



111 



2171 . The method of claim 2156, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons/is sulfur. 



111 



20 



2173. The method of claim 2156, \^herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



2174. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim/2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2176. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 2177. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. ' 

2178. The method of claim 2156, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than at/out 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

15 2179. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is/used to produce fertilizer. 

20 / 

2181. The method of claim 2156, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least aboujf 2.0 bar absolute. 

25 2182. The method o: 
produce the mixture J 
about 0.5 bar. , 



] claim 2156, further comprising controlling formation conditions to 
/herein a partial pressure of H2 within the mixture is greater than 



2183. The method 
30 is measured when 



of claim 2182, wherein the partial pressure of H2 within the mixture 
mixture is at a production well. 



the 
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2184. The method of claim 2156, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 2185. The method of claim 2156, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogeriate 
hydrocarbons within the first or second section; /and 

heating a portion of the first or second /section with heat from hydrogenation. 

10 2186. The method of claim 2156, further (comprising: 

producing hydrogen and condensaole hydrocarbons from the formation; and 
hydrogenating a portion of the pyoduced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2187. The method of claim 2156, wherein heating the first or the second section 

comprises increasing a permeability of a majority of the first or the second section to 
greater than about 100 millidarcy./ 

2188. The method of claim 21S6, wherein heating the first or the second section 
20 comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 



25 



30 



2 1 89. The method of claim 2156, further comprising controlling the heat to yield greater 
than about 60 % by weight/of condensable hydrocarbons, as measured by Fischer Assay. 

2190. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2191. The method of 
heat sources to at least 



^;laim 2156, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2 1 92. The method of claim 2 1 56, further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

/ 

10 2193. A method of treating a coal formation in situ, comprising: 

providing heat from one or mc/re heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer /from the one or more heat sources to a selected 
section of the formation such that a permeability of at least a portion of the selected 
15 section increases to greater than alpout 100 millidarcy. 



Ill 



PI 



20 



2194. The method of claim 219B, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some/hydrocarbons within the selected section of the 
formation. 



2195. The method of claim 2193, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



25 21 96. The method of claim [2 1 93, wherein the one or more heat sources comprise 
electrical heaters. 
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2 1 97. The method of claim 
surface burners. 



2193, wherein the one or more heat sources comprise 
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2198. The method of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 



10 



2199. The method of claim 2193, wherein the one or more heat sources comprise natural 

distributed combustors. / 

/ 
/ 

2200. The method of claim 2193, further comprising controlling a pressure and a 

temperature within at least a majority of th^ selected section of the formation, wherein 

I 

the pressure is controlled as a function of^temperature, or the temperature is controlled as 



a function of pressure. 



15 



20 



25 



2201 . The method of claim 2193, fuirher comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2192y, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation/has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 



2203. The method of clAim 
transferring heat substanl ially 



30 



2193, wherein allowing the heat to transfer comprises 
by conduction. 
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2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



10 



2205. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having ai> 
API gravity of at least about 25°. j 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to aboylt 15 % by weight of the condensable hydrocarbons 
are olefins. 



2207. The method of claim 2 193, /further comprising producing a mixture from the 
15 formation, wherein the produced t/hixture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethene tp ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15 J 

2208. The method of claim ^193, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 %iby weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2209. The method of claim 2193, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2210. The method of 
30 formation, wherein the 



:laim 2193, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



22 1 1 . The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein th^ oxygen containing compounds comprise 
phenols. 



10 2212. The method of claim 2193, further Comprising producing a mixture from the 
formation, wherein the produced mixture/Comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

15 22 1 3 . The method of claim 2 1 93 , farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

20 2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produded mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 by weight of the condensable hydrocarbons are 
asphaltenes. 



25 22 1 5 . The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by we ght to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

30 22 1 6. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
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wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



10 



15 



20 



2217. The method of claim 2193, further comprising ^reducing a mixture from the 
formation, wherein the produced mixture comprises ^mmonia, and wherein greater than 
about 0.05 % by weight of the produced mixture i^ ammonia. 

2218. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2219. The method of claim 2193, further comprising controlling a pressure within at 
least a majority of the selected section <pf the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2220. The method of claim 2193, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2221 . The method of claim 222f0, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production wellJ 



25 



30 



2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 2/5. 



2223. The method of claim 
formation and controlling fohnation 
from the mixture into the fo 



2193, further comprising producing a mixture from the 
conditions by recirculating a portion of hydrogen 

ation. 
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2224. The method of claim 2193, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



10 



2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable^hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



pi 
ffl 



2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 



15 2227. The method of claim 2193, wherein allowing the heat to transfer comprises 

substantially uniformly increasing/a permeability of a majority of the selected section. 



20 



2228. The method of claim 2193, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2229. The method of claim 2193, further comprising producing a mixture in a 
production well, wherein at ljbast about 7 heat sources are disposed in the formation for 
each production well. 



25 
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2230. The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the /formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



223 1 . The method of cl|aim 
heat sources to at least a 



2193, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 2232. A method of treating a coal formation in situ, comprising: 

/ 

providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer fronl the one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
10 selected section increases substantially uniformly. 



m 



2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wheyein superposition of heat from at least the two heat 
sources pyrolyzes at least somjf hydrocarbons within the selected section of the 
15 formation. 

. 2234. The method of claim 2232, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



20 2235. The method of c^laim 2232, wherein the one or more heat sources comprise 
electrical heaters. 



25 



2236. The method of claim 2232, wherein the one or more heat sources comprise 
surface burners. 

2237. The methon of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2238. The method 
30 distributed comt 



of claim 2232, wherein the one or more heat sources comprise natural 
ustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section/Is less than about 1 °C per day during 
pyrolysis. 



w 

pi 
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10 2241 . The method of claim 2232, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume ( Vh of the coal formation from the one or more heat 

sources, wherein the formation has yan average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by \hf equation: 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bijlk density, and wherein the heating rate is less than about 1 0 
20 °C/day. 



2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



30 



2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heafting the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2244. The method 
formation, wherein tljie 
API gravity of at lea; 



of claim 2232, further comprising producing a mixture from the 

produced mixture comprises condensable hydrocarbons having an 
about 25°. 
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2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

5 are olefins. 

2246. The method of claim 2232, further comprising producing a mixture from the 

/ 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
10 from about 0.001 to about 0.15. 

:J 2247. The method of claim 2232, further comprising producing a mixture from the 

P / 

formation, wherein the produced mixture comprises condensable hydrocarbons, and 

^ wherein less than about 1 % by weighy, when calculated on an atomic basis, of the 

15 condensable hydrocarbons is nitrogen 



4»l 
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2248. The method of claim 2232, yturther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

20 condensable hydrocarbons is oxygen. 

2249. The method of claim 2e32, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % fay weight, when calculated on an atomic basis, of the 

25 condensable hydrocarbons fe sulfur. 

2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 



30 oxygen containing com 
phenols. 



founds, and wherein the oxygen containing compounds comprise 
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225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of thp condensable hydrocarbons are aromatic 
compounds. 



10 



2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight oyf the condensable hydrocarbons comprises multi- 
ring aromatics with more than two ring 



15 



2253. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by )veight of the condensable hydrocarbons are 
asphaltenes. 



20 



2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weigh/ to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than a^out 80 % by volume of the non-condensable component. 

2256. The method of claim 2232, further comprising producing a mixture from the 



30 



formation, wherein the 
about 0.05 % by weig 



produced mixture comprises ammonia, and wherein greater than 
t of the produced mixture is ammonia. 
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2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



€1 

m 



2259. The method of claim 2232, further comprising controlling formation conditions to 
10 produce a mixture from the formation, where/n a partial pressure of H2 within the mixture 

is greater than about 0.5 bar. 

2260. The method of claim 2232, furthe/i- comprising producing a mixture from the 
formation, wherein the partial pressure yof H2 within the mixture is measured when the 

15 mixture is at a production well. 



SI 
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2261 . The method of claim 2232, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2262. The method of claim 22p2, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



25 2263. The method of claim? 2232, further comprising: 

providing hydrogen/(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



30 2264. The method of claim 
producing hydrog 



:c:n 



2232, further comprising: 

and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2267. The method of claim 2232( further comprising producing a mixture in a 
production well, wherein at leasy about 7 heat sources are disposed in the formation for 
IS l each production well. 



1 5 2268. The method of claim £232, further comprising providing heat from three or more 

,(;; / 

||l heat sources to at least a poi/iion of the formation, wherein three or more of the heat 

%, sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

sources comprises a triangular pattern. 



20 2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tine formation in a unit of heat sources, wherein the unit of heat 
sources comprises a tmangular pattern, and wherein a plurality of the units are repeated 
over an area of the fojrmation to form a repetitive pattern of units. 

25 

2270. A method o# treating a coal formation in situ, comprising: 

providing hpat from one or more heat sources to at least a portion of the 
formation; and 

allowing tHe heat to transfer from the one or more heat sources to a selected 
30 section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 
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2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2272. The method of claim 2270, further comprising maintaining a temperature within 

/ 

the selected section within a pyrolysis temperature range. 



.;;sii 



10 2273. The method of claim 2270, wl/erein the one or more heat sources comprise 
electrical heaters. 

2274. The method of claim 2270,/wherein the one or more heat sources comprise 
surface burners. 

15 

2275. The method of claim 22^0, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2276. The method of claim ^270, wherein the one or more heat sources comprise natural 
20 distributed combustors. 



25 



2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least /a majority of the selected section of the formation, wherein 
the pressure is controlled qs a function of temperature, or the temperature is controlled as 
a function of pressure. 

2278, The method of cliim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



30 
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2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 



m 
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20 



2280. The method of claim 2270, wperein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 2270/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2jE70, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about £5°. 



2283. The method of claim 2270, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2284. The method 
30 formation, wherein the 



of claipi 2270, further comprising producing a mixture from the 
prdduced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2285. The method of claim 2270, further |Comprpmg producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wpen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur, < 



2288. The method of claim 2270,/further comprising producing a mixture from the 
formation, wherein the produced yiixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 po by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, jpid wherein the oxygen containing compounds comprise 
phenols. 



25 2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 2Cj % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 2290. The method of claim 
formation, wherein the prod 



270, further comprising producing a mixture from the 
uted mixture comprises condensable hydrocarbons, and 
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wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of tlie condensable hydrocarbons are 
asphaltenes. 



m 



2292. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to abovjt 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2293. The method of claim 227Q( further comprising producing a mixture from the 
15 formation, wherein the producecy mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



20 2294. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight qt the produced mixture is ammonia. 



2295. The method of dlaim 2270, further comprising producing a mixture from the 
25 formation, wherein the/produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



30 



2296. The method df claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 )ar absolute. 



542 



Conley, Rose & Tayon, P.C. 



# • 

2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



5 2298. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the partial pressure of H£ within the mixture is measured when the 
mixture is at a production well. 



5»- 
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2299. The method of claim 2193, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

2300. The method of claim 2193, farther comprising producing a mixture from the 
formation and controlling formatiod conditions by recirculating a portion of hydrogen 

1 5 from the mixture into the formation. 

230 1 . The method of claim 2270, further comprising: 

providing hydrogen (H£) to the heated section to hydrogenate hydrocarbons 
within the section; and 
20 heating a portion of tfcte section with heat from hydrogenation. 



25 



2302. The method of clainh 2270, further comprising: 

producing hydrogeh and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced Hydrogen. 



30 



2303. The method of dlaim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



2305. The method of claim 2270, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 
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2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at least atyout 7 heat sources are disposed in the formation 
for each production well. 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular jyattern. 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a potion of the formation, wherein three or more of the heat 
sources are located in the fq/rmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



2309. A method of treafting a coal formation in situ, comprising: 

providing heat |rom one or more heat sources to at least a portion of the 
formation; 

allowing the hbat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling the heat to yield at least about 1 5 % by weight of a total organic 



carbon content of at 



30 2310. The method 
least two heat sourcies 



least some of the coal formation into condensable hydrocarbons. 



of claim 2309, wherein the one or more heat sources comprise at 
, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

23 1 1 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 12. The method of claim 2309, wherein the ojie or more heat sources comprise 
electrical heaters. 

2313. The method of claim 2309, wherein tfyfe one or more heat sources comprise 
surface burners. 

23 14. The method of claim 2309, whereir/ the one or more heat sources comprise 
flameless distributed combustors. 

23 1 5. The method of claim 2309, wherein the one or more heat sources comprise natural 
distributed combustors. 

2316. The method of claim 2309, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functjfon of temperature, or the temperature is controlled as 
a function of pressure. 

2317. The method of claim 2306, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



23 1 8. The method of claim 2p09, wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 



545 



Conley, Rose & Tayon, P C. 



# 



# 



heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
5 wherein Pwr is calculated by the equation: 

Pwr ~~ h*V*C v *p B 

I 

wherein Pwr is the heating energy/daiy, h is an average heating rate of the 
formation, p B is formation bulk density, and^wherein the heating rate is less than about 10 
°C/day. / 
10 / 

23 19. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 

15 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2321 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

20 API gravity of at least about 25°. / 

2322. The method of claim 230y9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight/to about 15 % by weight of the condensable hydrocarbons 

25 are olefins. / 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

30 from about 0.001 to about 0/15. 
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2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



83 
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2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigh/, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2327. The method of claim 2309,/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30/% by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, pnd wherein the oxygen containing compounds comprise 
phenols. 



25 



2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about ^0 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 



2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises mul ti- 
ring aromatics with more lhan two rings. 
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2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



10 
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233 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the rion-condensable component, and wherein the 
hydrogen is less than about 80 % by voluyhe of the non-condensable component. 



20 



2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, farther comprising producing a mixture from the 
formation, wherein the produced mature comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



25 



2335. The method of claim 2309/, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2336. The method of claim 2309 
30 produce a mixture from the forrfiation 
is greater than about 0.5 bar. 



, further comprising controlling formation conditions to 
, wherein a partial pressure of H 2 within the mixture 
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2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. 

/ 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



10 2339. The method of claim 2309, furthetf comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



•in? 1 
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2340. The method of claim 2309, fufther comprising: 
15 providing hydrogen (H2) to tpe heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

20 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2342. The method of claimf 2309, wherein allowing the heat to transfer comprises 
25 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



30 



2343. The method of claim 
substantially uniformly 
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2309, wherein allowing the heat to transfer comprises 
g a permeability of a majority of the selected section. 
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2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources <^e disposed in the formation 
for each production well. 



10 



2346. The method of claim 2309, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wlfierein three or more of the heat 
sources are located in the formation in a unit of hegft sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



ill 



2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the fonnat/on, wherein three or more of the heat 

15 sources are located in the formation in a unit/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a coal formation in situ, comprising: 

20 providing heat from one or more/heat sources to at least a portion of the 

formation; 

allowing the heat to transfer fro/ii the one or more heat sources to a selected 
section of the formation; and 

controlling the heat to yield grjbater than about 60 % by weight of condensable 
25 hydrocarbons, as measured by Fischep- Assay. 

2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hyd rocarbons within the selected section of the 

30 formation. 
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2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2351. The method of claim 2348, wherein the one or more heat sources comprise 



5 electrical heaters. 



2352. The method of claim 2348, wherein the one or rnore heat sources comprise 
surface burners. 

10 2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2354. The method of claim 2348, wherein ^ne one or more heat sources comprise natural 
distributed combustors. 

15 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majority pf the selected section of the formation, wherein 
the pressure is controlled as a functicp of temperature, or the temperature is controlled as 
a function of pressure. 



20 



2356. The method of claim 234& further comprising controlling the heat such that an 
average heating rate of the selecjfed section is less than about 1 °C per day during 
pyrolysis. 



25 2357. The method of claim 2348, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some h>tlrocarbons within the selected volume of the formation; and 
30 wherein heating eAergy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculatec by the equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

2359. The method of claim 2348, wherein pn&viding heat from the one or more heat 

10 sources comprises heating the selected sectioA such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2360. The method of claim 2348, furthe/ comprising producing a mixture from the 
formation, wherein the produced mixturi comprises condensable hydrocarbons having an 

1 5 API gravity of at least about 25°. / 

2361. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to pout 15 % by weight of the condensable hydrocarbons 

20 are olefins. / 

2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethend to ethane in the non-condensable hydrocarbons ranges 

25 from about 0.00 1 to about 0.16. 

2363. The method of claim/2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

30 condensable hydrocarbons i s nitrogen. 



°C/day. 



5 



552 



Conley, Rose & Tayon, P.C. 



2364. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2366. The method of claim 2348, furtheryComprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by Weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2367. The method of claim 2348( further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5f% by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with mortf than two rings. 

2369. The method of fclaim 2348, further comprising producing a mixture from the 
formation, wherein thd produced mixture comprises condensable hydrocarbons, and 
wherein less than aboiit 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. I 
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2370. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



237 1 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the nc^-condensable component, and wherein the 
10 hydrogen is less than about 80 % by volum£ of the non-condensable component. 



2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixtu/e comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

15 / 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced fixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

20 2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected /section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2375. The method of claiiry 2348, further comprising controlling formation conditions to 
25 produce a mixture from the/formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
30 mixture is at a productior well. 
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2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



10 



2378. The method of claim 2348, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 



from the mixture into the formation. 



/ 



2379. The method of claim 2348, further/comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectiorf with heat from hydrogenation. 



2380. The method of claim 2348 ? yfurther comprising: 

15 producing hydrogen and obndensable hydrocarbons from the formation; and 

hydrogenating a portion Jbf the produced condensable hydrocarbons with at least a 
portion of the produced hydros 

2381 . The method of clainV2348, wherein allowing the heat to transfer comprises 
20 increasing a permeability cfi a majority of the selected section to greater than about 100 

millidarcy. 



25 



2382. The method of dlaim 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method <hf claim 2348, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



30 2384. The method 
heat sources to at 



of claim 2348, further comprising providing heat from three or more 
l|east a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2385. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un/jof heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2386. A method of treating a coal formation in situ, comprising: 

heating a first section of the fo/mation to pyrolyze at least some hydrocarbons in 
the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce I second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 

2387. The method of claim 23f86, further comprising maintaining a temperature within 
the first section or the second Section within a pyrolysis temperature range. 

2388. The method of claim/2386, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

2389. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating/ with a surface burner. 



2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heatiig with a flameless distributed combustor. 



2391. The method of dlaim 
section comprises heati ig 



im 2386, wherein heating the first section or heating the second 
with a natural distributed combustor. 
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10 



15 



20 



2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



/i 



2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: 

heating a selected volume (V) df the coal formation from one or more heat 
sources, wherein the formation has ari average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the j&quation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bul^ density, and wherein the heating rate is less than about 10 
°C/day. 



25 



30 



2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of ckfim 2386, wherein heating the first section or heating the second 
section comprises heatini the formation such that a thermal conductivity of at least a 
portion of the first or secfond section, respectively, is greater than about 0.5 W/(m °C). 



2397. The method of cljaim 
condensable hydrocarbons 



2386, wherein the first or second mixture comprises 
having an API gravity of at least about 25°. 
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2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



10 



2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molai/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about^/oOl to about 0.15. 

2400. The method of claim 2386, wherein/the first or second mixture comprises 
condensable hydrocarbons, and wherein le4s than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



15 



2401. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and whenfcin less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 



20 



2402. The method of claim 2386' wherein the first or second mixture comprises 
condensable hydrocarbons, and ^herein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



25 



2403. The method of claim 26 86, wherein the first or second mixture comprises 
condensable hydrocarbons, Wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



30 



2404. The method of claiin 2386, wherein the first or second mixture comprises 
condensable hydrocarbon! and wherein greater than about 20 % by weight of the 



condensable hydrocarbon 



are aromatic compounds. 
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2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 2406. The method of claim 23 86, wherein the first of second mixture comprises 
condensable hydrocarbons, and wherein less than ajzfout 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



10 



2407. The method of claim 2386, wherein the/first or second mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkahes. 



15 



2408. The method of claim 2386, where/n the first or second mixture comprises a non- 
condensable component, and wherein thfe non-condensable component comprises 
hydrogen, and wherein the hydrogen isf greater than about 10 % by volume of the non- 
condensable component and whereinythe hydrogen is less than about 80 % by volume of 
the non-condensable component. 



20 



2409. The method of claim 2386/ wherein the first or second mixture comprises 
ammonia, and wherein greater th£n about 0.05 % by weight of the first or second mixture 
is ammonia. 



25 



2410. The method of claim 26 86, wherein the first or second mixture comprises 
ammonia, and wherein the artlmonia is used to produce fertilizer. 

241 1. The method of clairri 2386, further comprising controlling a pressure within at 
least a majority of the first 6r second section of the formation, wherein the controlled 
pressure is at least about 2.JD bar absolute. 
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2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H 2 within the first or 
second mixture isgreater than about 0.5 bar. 



5 241 3 . The method of claim 23 86, wherein a partial pressure of H 2 within the first or 
second mixture is measured when the first or sfecond mixture is at a production well. 

2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydroca/bons from the formation having carbon 

10 numbers greater than about 25. / 

241 5. The method of claim 2386, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 

15 2416. The method of claim 2386,/further comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the iirst or second section, respectively, with heat from 
hydrogenation. / 
20 / 

2417. The method of clairn/2386, further comprising: 

producing hydrogenf and condensable hydrocarbons from the formation; and 
hydrogenating a paction of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
25 / 

2418. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater/than about 1 00 millidarcy. 
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2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



10 



15 



2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 °//by weight of condensable hydrocarbons, 
as measured by Fischer Assay, from the fxcst br second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second ndixture in a production well, and wherein at least 
about 7 heat sources are disposed in the/formation for each production well. 

2422. The method of claim 2386, Wther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulaV pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



2424. A method of treatirig a coal formation in situ, comprising: 

providing heat fro^n one or more heat sources to at least a portion of the 
formation; 

allowing the heaf to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells, 
wherein the heating is /controlled such that the mixture can be produced from the 
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formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

2425. The method of claim 2424, wherein thjs one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



MP 



2426. The method of claim 2424, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis /emperature range. 

2427. The method of claim 2424, ^herein the one or more heat sources comprise 
electrical heaters. 



"j^ 15 2428. The method of claim 2424, wherein the one or more heat sources comprise 
^ surface burners. 



20 



2429. The method of claim 2^24, wherein the one or more heat sources comprise 
flameless distributed combust! 



tors. 



2430. The method of claimf 2424, wherein the one or more heat sources comprise natural 
distributed combustors. 



243 1 . The method of claim 2424, further comprising controlling a pressure and a 
25 temperature within at leasft a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 2424, further comprising controlling the heat such that an 
30 average heating rate of thjp selected section is less than about 1 °C per day during 

pyrolysis. 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat.capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/da^, h is an average heating rate of the 
formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
°C/day. / 

2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2435. The method of claim 2424, Wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abjbut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2438. The method of claim 2424, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



563 



Conley, Rose & Tayon, P C. 



2439. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2440. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



10 



2441. The method of claim 2424, wherein the /produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



15 



2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by wfeight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



20 



25 



2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grea/er than about 20 % by weight of the condensable 
hydrocarbons are aromatic con/pounds. 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lfess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2445. The method of claim 
hydrocarbons, and whereir 
hydrocarbons are asphaltenes 



2424, wherein the produced mixture comprises condensable 
less than about 0.3 % by weight of the condensable 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 2447. The method of claim 2424, wherein tl!\e produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aboift 10 % by volume of the non-condensable 
component, and wherein the hydrogen i6 less than about 80 % by volume of the non- 
condensable component. / 
10 / 

2448. The method of claim 2424, /Wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used to produce fertilizer. 

2450. The method of clainy 2424, further comprising controlling a pressure within at 
least a majority of the seledted section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

20 / 

245 1 . The method of clAim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

25 2452. The method ofl claim 2452, wherein the partial pressure of H 2 within the mixture 
is measured when the/mixture is at a production well. 



30 



2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2454. The method of claim 2424, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2455. The method of claim 2424, further comprising: 

5 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section witl/heat from hydrogenation. 

2456. The method of claim 2424, further comprising: 
10 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of th^ produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2457. The method of claim 2424/ wherein allowing the heat to transfer comprises 
15 increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. 

2458. The method of claim 2A24, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2461. The method of dlaim 2424, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2462. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation, wherein the one or more hea^sources are disposed within one or more first 
wells; 

allowing the heat to transfer fr^m the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more second wells, 
wherein one or more of the first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherrfin the second purpose comprises providing heat to the 
formation. 

2464. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of els fim 2462, wherein the first purpose comprises heating, and 
wherein the second purphse comprises removing water from the formation. 



2466. The method of jfclaim 2462, wherein the first purpose comprises producing the 
mixture, and wherein die second purpose comprises removing water from the formation. 



2467. The method o 
electrical heaters. 

2468. The method o 
surface burners. 



claim 2462, wherein the one or more heat sources comprise 



claim 2462, wherein the one or more heat sources comprise 
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2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2470. The method of claim 2462, wherein the one or more heat sources comprise natural 
5 distributed combustors. 

/ 

/ 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

1 0 a function of pressure . / 

2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected sec/ion is less than about 1 .0 ° C per day during 
pyrolysis. / 

15 / 

2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume tv) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
20 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/flay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
25 formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

2474. The method of claim 2462, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

30 a portion of the selected sed ion is greater than about 0.5 W/(m °C). 

568 Conley, Rose & Tayon, P C. 




2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2476. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 



2477. The method of claim 2462, whferein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



15 



2478. The method of claim 2462/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less Man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le£s than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 2480. The method of claini 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/ less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is sulfur. 



25 



2481. The method of cl 
hydrocarbons, wherein atyout 
hydrocarbons comprise ojxygen 
containing compounds comprise 



30 hydrocarbons, and where 



hydrocarbons are aromatic compounds. 

\ 



m 2462, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
containing compounds, and wherein the oxygen 
phenols. 



2482. The method of ch im 2462, wherein the produced mixture comprises condensable 



n greater than about 20 % by weight of the condensable 
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2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 03^% by weight of the condensable 
hydrocarbons are asphaltenes. 

2485. The method of claim 2462, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloaltyanes. 

2486. The method of claim 2462, Wherein the produced mixture comprises a non- 
condensable component, wherein tWe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater th&n about 10 % by volume of the non-condensable 
component, and wherein the hydtfogen is less than about 80 % by volume of the non- 
condensable component. 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than aboiit 0.05 % by weight of the produced mixture is ammonia. 



2488. The method of clainy2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia id used to produce fertilizer. 



2489. The method of clai/n 
least a majority of the selo 
is at least about 2.0 bar absolute 



2462, further comprising controlling a pressure within at 
ted section of the formation, wherein the controlled pressure 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

5 2491 . The method of claim 2490, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. 

2493. The method of claim 2462, further ^comprising controlling formation conditions, 
wherein controlling formation conditions/comprises recirculating a portion of hydrogen 
from the mixture into the formation. 



¥ 15 



20 



249 4. The method of claim 2462, fujfther comprising: 
providing hydrogen (H 2 ) to t^e heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2495. The method of claim 246z, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, me method further comprising hydro genating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 2496. The method of claim 2462, wherein allowing the heat to transfer comprises 

increasing a permeability of f majority of the selected section to greater than about 100 
millidarcy. 



2497. The method of claim 2462, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 



the formation for each production well. 



/ 

/ 



2500. The method of claim 2462, further con/prising providing heat from three or more 
heat sources to at least a portion of the forma/ion, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2501. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in A unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to fornya repetitive pattern of units. 



2502. A method for forming heate/* wells in a coal formation, comprising: 
forming a first wellbore in ihe formation; 

forming a second wellbore/in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 



heating mechanism within the se 
provide heat to at least a portion 



ond wellbore such that the heating mechanisms can 
of the formation. 



2502 



2503. The method of claim 
heating mechanism within the 
within the second wellbore pyro 
section of the formation. 



, wherein superposition of heat from the at least one 
fi|rst wellbore and the at least one heating mechanism 
yzes at least some hydrocarbons within a selected 
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2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
5 heaters. 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. 

10 2507. The method of claim 2502, wherein th^ heating mechanisms comprise flameless 
distributed combustors. 



15 



20 



2508. The method of claim 2502, whereip the heating mechanisms comprise natural 
distributed combustors. 

2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority off a selected section of the formation, wherein the 
pressure is controlled as a function of^emperature, or the temperature is controlled as a 
function of pressure. 

25 1 0. The method of claim 2502, ftirther comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day during pyrolysis. 



25 2511. The method of claim 2502 
heating a selected volume 



30 



further comprising: 



(V) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/diy provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr -/z*F*C v *y9 5 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 25 12. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the .formation substantially by 
conduction. / 

25 13. The method of claim 2502, further comprising providing heat from the heating 
10 mechanisms to at least the portion of the formation such that a thermal conductivity of at 

least the portion of the formation is greater titan about 0.5 W/(m °C). 

25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixtu/e comprises condensable hydrocarbons having an 

15 API gravity of at least about 25°. / 

25 15. The method of claim 2502, prther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to/about 15 % by weight of the condensable hydrocarbons 

20 are olefins. / 

2516. The method of claim 2302, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

25 from about 0.00 1 to about 0 il 5 . 

2517. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

30 condensable hydrocarbons is nitrogen. 

\ 
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2518. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

/ 

/ 

2519. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture composes condensable hydrocarbons, and 
wherein less than about 1 % by weight, when (Calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2520. The method of claim 2502, further/comprising producing a mixture from the 
formation, wherein the produced mixturefcomprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by ^freight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wtferein the oxygen containing compounds comprise 
phenols. 

252 1 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mfixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the producdd mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % bt weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2523. The method of claim '2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

5 

/ 

2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the npn-condensable component, and wherein the 

10 hydrogen is less than about 80 % by volume of the non-condensable component. 

2526. The method of claim 2502, former comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



:?:: 15 
in 



2527. The method of claim 25027further comprising producing a mixture from the 

i 1-- J / 
|J formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 

■ i& used to produce fertilizer. 

20 2528. The method of claim 2602, further comprising controlling a pressure within at 
least a majority of a selected ^ection of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute 

2529. The method of claim 2528, wherein the partial pressure of H 2 within the mixture 
25 is greater than about 0.5 bp 



30 



2530. The method of claim 2502, forther comprising producing a mixture from the 
formation, wherein the p irtial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. 
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253 1 . The method of claim 2502, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions/by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further Comprising: 
10 providing hydrogen (H 2 ) to the portion to hydrogenate hydrocarbons within the 

formation; and 

heating a portion of the formati(j4i with heat from hydrogenation. 

2534. The method of claim 2502, further comprising: 
15 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen/ 

2535. The method of claim 25(?2, further comprising allowing heat to transfer from the 
20 heating mechanisms to a selected section of the formation to pyrolyze at least some 

hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



2536. The method of claim 2502, further comprising allowing heat to transfer from the 
25 heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2537. The method of clainfi 
30 than about 60 % by weight 



2502, further comprising controlling the heat to yield greater 
3f condensable hydrocarbons, as measured by Fischer Assay. 
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2538. The method of claim 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each productiqn well. 

5 2539. The method of claim 2502, further comprising forming a production well in the 

/ 

formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 

2540. The method of claim 2502, further comprising providing heat from three or more 
10 heat sources to at least a portion of the foryhation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2541 . The method of claim 2502, further comprising providing heat from three or more 
15 heat sources to at least a portion of tile formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patyern, and wherein a plurality of the units are repeated 
over an area of the formation to f©rm a repetitive pattern of units. 

20 2542. A method for installing a heater well into a coal formation, comprising: 

forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating meclllanism within the bore such that the heating mechanism 
can transfer heat to at least a portion of the formation. 

25 2543. The method of claimi2542, further comprising installing at least two heater wells, 
and wherein superposition df heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within '< i selected section of the formation. 

2544. The method of claim 2542, further comprising maintaining a temperature within a 
30 selected section within a pyrolysis temperature range. 

1 
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2545. The method of claim 2542, wherein the heating mechanism comprises an 
electrical heater. 

2546. The method of claim 2542, wherein the heating mechanism comprises a surface 
5 burner. 

/ 

2547. The method of claim 2542, wherein the hewing mechanism comprises a flameless 
distributed combustor. 

10 2548. The method of claim 2542, wherein th^ heating mechanism comprises a natural 
distributed combustor. 



15 



2549. The method of claim 2542, further/comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



20 



2550. The method of claim 2542, rarther comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 



255 1 . The method of claim 2542, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /the equation: 

Pwr ^h*V*Cv*p B 

wherein Pwr is the hfeating energy/day, h is an average heating rate of the 
30 formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 

/ 

mechanism to at least the portion of the formation such tKat a thermal conductivity of at 
least the portion of the formation is greater than about/). 5 W/(m °C). 



SWF- 

i 



5 -~ 



m 



10 2554. The method of claim 2542, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2555. The method of claim 2542, further comprising producing a mixture from the 
15 formation, wherein the produced mixtureyComprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about/15 % by weight of the condensable hydrocarbons 
are olefins. 

2556. The method of claim 2542, further comprising producing a mixture from the 
20 formation, wherein the produced rmxture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethene to/ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2557. The method of claim 2542, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % Hy weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is/ nitrogen. 



2558. The method of claim 2542, further comprising producing a mixture from the 
30 formation, wherein the proc uced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. The method of claim 2542, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2560. The method of claim 2542, further Comprising producing a mixture from the 
10 formation, wherein the produced mixture /comprises condensable hydrocarbons, wherein 

about 5 % by weight to about 30 % by Weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

15 2561 . The method of claim 2542/further comprising producing a mixture from the 
formation, wherein the produced Aiixture comprises condensable hydrocarbons, and 
wherein greater than about 20 0 /yby weight of the condensable hydrocarbons are aromatic 
compounds. 

20 2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 Q /j by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

25 2563. The method of ckfim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about b.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

30 2564. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



\ 
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wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2565. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-c/ondensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2566. The method of claim 2542, further efomprising producing a mixture from the 
formation, wherein the produced mixture Comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced Anixture is ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

25.68. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2569. The method of claim 2f542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar/ 

2570. The method of claiAi 2569, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



2571. The method of clq|im 
formation to inhibit prod 
numbers greater than aboiit 



2542, further comprising altering a pressure within the 
ofiction of hydrocarbons from the formation having carbon 
25. 
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2572. The method of claim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



10 



15 



20 



25 



30 



2573. The method of claim 2542, further comprising: 
providing hydrogen (H 2 ) to the at least tl^e heated portion to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation w/th heat from hydrogenation. 

2574. The method of claim 2542, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of thej/produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2575. The method of claim 2542/ further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2577. The method of clai: 
than about 60 % by weight 



2578. The method of claim 
production well, and wherein 
formation for each product 



2542, further comprising controlling the heat to yield greater 
of condensable hydrocarbons, as measured by Fischer Assay. 



2542, further comprising producing a mixture in a 
in at least about 7 heating mechanisms are disposed in the 
on well. 
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2579. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, ^herein three or more of the heat 
sources are located in the formation in a unit of hfeat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whefein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 



2581 . A method for installing of wells in k coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 

mechanism can transfer heat to at leastr a portion of the formation. 



2582. The method of claim 2581, further comprising maintaining a temperature within a 
selected section within a pyrolysis /emperature range. 

20 

2583. The method of claim 258^, wherein the heating mechanism comprises an 
electrical heater. 

2584. The method of claim 2^8 1 , wherein the heating mechanism comprises a surface 
25 burner. 

2585. The method of clairry 2581, wherein the heating mechanism comprises a flameless 
distributed combustor. 



30 2586. The method of ( 
distributed combustor. 



claiib 258 1 , wherein the heating mechanism comprises a natural 
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2587. The method of claim 258 1 , further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



10 



15 



20 



2588. The method of claim 2581, further comprising controlling the heat from the 
heating mechanism such that heat transferred f^om the heating mechanism to at least the 
portion of the formation is less than about 1 °<f per day during pyrolysis. 



2589. The method of claim 2581, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr^h*V*C v *p B 

wherein Pwr is the heatin^energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 



2590. The method of claim 2381, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 



2591 . The method of claim 
mechanism to at least the 
least the portion of the formation 



2581, further comprising providing heat from the heating 
pofrtion of the formation such that a thermal conductivity of at 
is greater than about 0.5 W/(m °C). 
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2592. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2593 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 %/by weight of the condensable hydrocarbons 
are olefins. 



10 



2594. The method of claim 2581, further/comprising producing a mixture from the 
formation, wherein the produced mixture/comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to etharye in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



15 
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2595. The method of claim 258 1 , farther comprising producing a mixture from the 
formation, wherein the produced m/xture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % bp weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



25 



30 



2597. The method of clairrf 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2598. The method of cl^im 
formation, wherein the pijoduced 



2581, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

5 2599. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

10 2600. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than tv/o rings. 



15 



260 1 . The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 j/o by weight of the condensable hydrocarbons are 
asphaltenes. 



20 



2602. The method of clafrm 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by v^eight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



30 



2603. The method off claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
% by volume of the non-condensable component, and wherein the 
about 80 % by volume of the non-condensable component. 



greater than about 1 0 
hydrogen is less than 
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2604. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2605 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2606. The method of claim 2581, further comprising controlling a pressure within at 
least a majority of a selected section of the ^brmation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2607. The method of claim 258 1 , further comprising controlling formation conditions to 
produce a mixture from the formation, ^herein a partial pressure of H 2 within the mixture 
is greater, than about 0.5 bar. 

2608. The method of claim 2607, ^herein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 258 y, further comprising altering a pressure within the 
formation to inhibit production oj[ hydrocarbons from the formation having carbon 
numbers greater than about 25. 

26 1 0. The method of claim 2h 8 1 , further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



26 1 1 . The method of claim 
providing hydrogen 

hydrocarbons within the formation; 
heating a portion of t 



258 1 , further comprising: 
(jH 2 ) to at least the heated portion to hydrogenate 
ion; and 

Le formation with heat from hydrogenation. 
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2612. The method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2613. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section oMie formation to pyrolyze at least some 
hydrocarbons within the selected section Auch that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



15 



2614. The method of claim 2581, farther comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected Section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



26 1 5. The method of claim 258 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight off condensable hydrocarbons, as measured by Fischer Assay. 

20 261 6. The method of claim 2581, further comprising producing a mixture in a 

production well, and whe/ein at least about 7 heat sources are disposed in the formation 
for each production well/ 



25 
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26 1 7. The method of Alaim 2581, further comprising providing heat from three or more 
heat sources to at least/a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a tiliangular pattern. 



2618. The method oi 
heat sources to at leas 
sources are located in 



claim 2581, further comprising providing heat from three or more 
a portion of the formation, wherein three or more of the heat 
he formation in a unit of heat sources, wherein the unit of heat 



589 



Conley, Rose & Tayon, P C. 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

/ 

2619. A method of treating a coal formation iy/situ, comprising: 

heating a selected section of the formation with a heating element placed within a 
wellbore, wherein at least one end of the heating element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 



2620. The method of claim 2619, further comprising at least two heating elements 
10 within at least two wellbores, and wherein superposition of heat from at least the two 

heating elements pyrolyzes at least sopie hydrocarbons within a selected section of the 
formation. 

262 1 . The method of claim 261 9/further comprising maintaining a temperature within 
15 the selected section within a pyrolysis temperature range. 

2622. The method of claim 26 19, wherein the heating element comprises a pipe-in-pipe 
heater. 

20 2623. The method of clainj 26 1 9, wherein the heating element comprises a flameless 
distributed combustor. 

2624. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable coupled yio a support, and wherein the support is free to move within the 
25 wellbore. 



2625. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 



30 2626. The method 
temperature within 



of claim 26 1 9, further comprising controlling a pressure and a 
t least a majority of a heated section of the formation, wherein the 



590 



Conley, Rose & Tayon, P C. 



111 



U 
III 



pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2627. The method of claim 2619, further comprising controlling the heat such that an 

5 average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 

/ 1 
/ \ 

2628. The method of claim 2619, \yherein heating the section of the formation further 
comprises: 

heating a selected volume (V) of the coal formation from the heating element, 
10 wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energwday provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated byythe equation: 

Pwr = h*V*C v *p B 

15 wherein Pwr is the Heating energy/day, h is an average heating rate of the 

formation, p B is formation pulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

2629. The method of claim 2619, wherein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 



25 



2630. The method of claim 2619, further comprising heating the selected section of the 
formation such that a tjkermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 



263 1 . The method 
formation, wherein 
API gravity of at leait 



off claim 2619, further comprising producing a mixture from the 

produced mixture comprises condensable hydrocarbons having an 
about 25°. 



the 



30 2632. The method 
formation, wherein 



of claim 2619, further comprising producing a mixture from the 
tike produced mixture comprises condensable hydrocarbons, and 



591 



Conley, Rose & Tayon, PC 




wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2633. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2634. The method of claim 261 9/further comprising producing a mixture from the 
10 formation, wherein the producedyfnixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by height, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



4~ 

II ii 
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2635. The method of claim £61 9, further comprising producing a mixture from the 
formation, wherein the prod/uced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbon^ is oxygen. 

2636. The method ofcpim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2637. The method of claim 261 9, further comprising producing a mixture from the 
25 formation, wherein tne produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weightlto about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

30 2638. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein th& produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2639. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weigh^ of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2640. The method of claim 2619, jturther comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by/weight of the condensable hydrocarbons are 
asphaltenes. 



2641. The method of claim 2619, further comprising producing a mixture from the 
1 5 formation, wherein the prodiiced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weigrjflt to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2642, The method of clawn 2619, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condengable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



25 



30 



2643. The method oflclaim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2644. The method 
formation, wherein 
is used to produce 



of claim 2619, further comprising producing a mixture from the 
produced mixture comprises ammonia, and wherein the ammonia 
izer. 



t le 



fertil 
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2645. The method of claim 2619, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

2646. The method of claim 2619, further/ comprising controlling formation conditions to 
produce a mixture from the formation, Wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

10 2647. The method of claim 2647, vyherein the partial pressure of H2 within the mixture 
is measured when the mixture is at A production well. 



15 



2648. The method of claim 26 L9, further comprising altering a pressure within the 
formation to inhibit production/of hydrocarbons from the formation having carbon 
numbers greater than about 2f 



20 



25 



30 



2649. The method of clainV 261 9, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of cpim 2619, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

265 1 . The method ^f claim 26 1 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 



hydrogenati 



portion of the produced hydrogen 



ig a portion of the produced condensable hydrocarbons with at least a 
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2652. The method of claim 2619, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 

/ 

2653. The method of claim 2619, wherei^i heating comprises substantially uniformly 
increasing a permeability of a majority of the heated section. 

2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



m 



10 2655. The method of claim 26 1 9, yfurther comprising producing a mixture in a 

production well, and wherein at legist about 7 heat sources are disposed in the formation 
for each production well. 

2656. The method of claim 26A9, further comprising providing heat from three or more 
15 heat sources to at least a portioh of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



s i 



2657. The method of claim 2619, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 2658. A method of treating a coal formation in situ, comprising: 

providing heat/from one or more heat sources to at least a portion of the 
formation; 

allowing the fieat to transfer from the one or more heat sources to a selected 
section of the formation; and 
30 producing a mixture from the formation through a production well, wherein the 

production well is located such that a majority of the mixture produced from the 
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formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 

/ 

formation. 

2660. The method of claim 2658, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

2661 . The method of claim 2658, Wherein the production well is less than 
approximately 6 m from a heat sou/ce of the one or more heat sources. 



■?! ■ 

Hi 15 2662. The method of claim 265$, wherein the production well is less than 
W I 

approximately 3 m from a heat source of the one or more heat sources. 



4* 



20 



2663. The method of claim 2658, wherein the production well is less than 
approximately 1.5 m from a neat source of the one or more heat sources. 

2664. The method of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well. 



2665. The method of clapn 2658, wherein the one or more heat sources comprise 
25 electrical heaters. 

2666. The method of clkim 2658, wherein the one or more heat sources comprise 
surface burners. 

30 2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed co nbustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the .selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2670. The method of claim 2658, furthet comprising controlling the heat such that an 
average heating rate of the selected sectibn is less than about 1 °C per day during 
pyrolysis. / 

2671 . The method of claim 2658, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/d&y provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2676. The method of claim 265R 9 wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2677. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lefes than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2678. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherejn less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable 



2680. The method of 
hydrocarbons, wherein 
hydrocarbons comprise c 
containing compounds 



hydrocarbons is sulfur. 



cl£im 2658, wherein the produced mixture comprises condensable 
i 5 % by weight to about 30 % by weight of the condensable 
xygen containing compounds, and wherein the oxygen 
comprise phenols. 
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2681. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2682. The method of claim 2658, whereirf the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 

/ 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tha^f about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2684. The method of claim 265/8, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboAt 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons areyfcycloalkanes. 

2685. The method of claim £658, wherein the produced mixture comprises a non- 
condensable component, whferein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grefater than about 10 % by volume of the non-condensable 
component, and wherein tljfe hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than/about 0.05 % by weight of the produced mixture is ammonia. 



2687. The method of c 
and wherein the ammonia 



2688. The method of c 
least a majority of the s< 



aim 2658, wherein the produced mixture comprises ammonia, 
is used to produce fertilizer. 



aim 2658, further comprising controlling a pressure within at 
lected section of the formation, wherein the controlled pressure 



is at least about 2.0 bar absolute. 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 

about 0.5 bar. f - 

/ 

2690. The method of claim 2689, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



G 

HI 

4: 
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2691 . The method of claim 2658, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2692. The method of claim 2658, further comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, further comprising: 
providing hydrogen (F^ 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced Wydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeabilit/y of a majority of the selected section to greater than about 100 
millidarcy. 



20 



25 



30 2696. The method of claim 2658, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 



m 



2699. The method of claim 2658, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unjt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2700. The method of claim 2658, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patteni, and wherein a plurality of the units are repeated 
over an area of the formation to forql a repetitive pattern of units. 

20 2701 . A method of treating a coa^ formation in situ, comprising: 

providing heat to at least a/portion of the formation from one or more first heat 
sources placed within a pattern iry the formation; 

allowing the heat to transfer from the one or more first heat sources to a first 
section of the formation; 
25 heating a second sectionf of the formation with at least one second heat source, 

wherein the second section is located within the first section, and wherein at least the one 
second heat source is configured to raise an average temperature of a portion of the 
second section to a higher tern ^erature than an average temperature of the first section; 
and 

30 producing a mixture fr^m the formation through a production well positioned 

within the second section, wherein a majority of the produced mixture comprises non- 
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condensable hydrocarbons and a non-condensable component comprising H2 
components. 

2702. The method of claim 2701, wherein the one or more first heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the first section of the formation. 

/ 

/ 

2703. The method of claim 2701 , further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 2701, wherein at least the one heat source comprises a 
heater element positioned within the production well. 



2705. The method of claim 2701, wherein at least the one second heat source comprises 

if 

15 an electrical heater. 



hi 



2706. The method of claim 2701, wherein at least the one second heat source comprises 
a surface burner. 



20 2707. The method of claim 2701, wherein at least the one second heat source comprises 
a flameless distributed combustor. 



25 
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2708. The method of claim/2701, wherein at least the one second heat source comprises 
a natural distributed combustor. 



2709. The method of clairh 
temperature within at least 
wherein the pressure is controlled 
controlled as a function of 



2701, further comprising controlling a pressure and a 
a majority of the first or the second section of the formation, 

as a function of temperature, or the temperature is 
pressure. 
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2710. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °C per day during pyrolysis. 



U 
130 

IF 
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2711. The method of claim 2701, wherein providing heat to the formation further 
comprises: 



heating a selected volume (V) of the from the one or more first heat sources, 
wherein the formation has an average heat capacity (GQ, and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to th^ volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr - A*K*C V */? S 

wherein Pwr is the heating energy/daV, h is an average heating rate of the 
formation, p B is formation bulk density, and /Wherein the heating rate is less than about 1 0 
°C/day. 



2712. The method of claim 2701, whe/ein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 2701, wherein providing heat from the one or more first heat 
sources comprises heating the first /section such that a thermal conductivity of at least a 
portion of the first section is greater than about 0.5 W/(m °C). 



25 



2714. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons having an API grAvity of at least about 25°. 

2715. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 2716. The method of clain 



2701, wherein a molar ratio of ethene to ethane in the non- 



condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2717. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboM 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is oxygen. 



W 

sf 

o 



10 2719. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thatV about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2720. The method of claim 270 i, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen? containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2721. The method of clainy2701, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 



25 



30 



2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2723. The method of 
hydrocarbons, and whelrein 
hydrocarbons are asphiltenes 



laim 2701, wherein the produced mixture comprises condensable 
less than about 0.3 % by weight of the condensable 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



IB 
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2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %4)y volume of the non-condensable 
component, and wherein the hydrogen is less^an about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 



2727. The method of claim 2701, wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used jo produce fertilizer. 



m 
6 
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2728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the second section of the formation, wherein the controlled 
pressure is at least about 2.0 gar absolute. 

2729. The method of claim 2701, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

273 1 . The method of c laim 270 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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2732. The method of claim 2701, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 270 1 , further comprising: 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 

2734. The method of claim 270 1 , fiirtner comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of t^ie produced condensable hydrocarbons with at least a 

portion of the produced hydrogen./ 

2735. The method of claim 2701, wherein allowing the heat to transfer comprises 
increasing a permeability of a Majority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of clairti 2701, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 
section. 

2737. The method of /claim 2701, wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by Fischen Assay. 

2738. The method of claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2739. The method of claim 2701, further comprising providing heat from three or more 
heat sources to ai least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2740. The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a rep^etiti^e pattern of units. 

2741 . A method of treating a coal formation in situ, comprising: 
providing heat into the formation from a plurality of heat sources placed in a 

pattern within the formation, wherein ft spacing between heat sources is greater than 
about 6 m; 

allowing the heat to transfer/from the plurality of heat sources to a selected 
section of the formation; 

producing a mixture from Ahe formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production weWs is greater than about 12 m. 

2742. The method of claim 2741, wherein superposition of heat from the plurality of 
heat sources pyrolyzes at leasf some hydrocarbons within the selected section of the 
formation. 

2743. The method of claim 274 1 , further comprising maintaining a temperature within 
the selected section within k pyrolysis temperature range. 



2744. The method of claim 274 1 , wherein the plurality of heat sources comprises 
electrical heaters. 

2745. The method of claim 2741, wherein the plurality of heat sources comprises 
surface burners. 
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2746. The method of claim 2741, wherein the plurality of heat sources comprises 
flameless distributed combustors. 

5 2747. The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. 



2748. The method of claim 2741, further,comprising controlling a pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 

10 the pressure is controlled as a function pi temperature, or the temperature is controlled as 
a function of pressure. / 

2749. The method of claim 2741, Airther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

15 pyrolysis. / 

2750. The method of claim 2741 , wherein providing heat from the plurality of heat 
comprises: / 

heating a selected vopme (F) of the coal formation from the plurality of heat 
20 sources, wherein the format/on has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating enprgy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculates by the equation: 

Pwr = h*V*C v *pl 

25 wherein Pwr is ttte heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

275 1 . The method of c laim 274 1 , wherein allowing the heat to transfer comprises 
30 transferring heat substaitially by conduction. 
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2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a portion of the selected section is 
greater than about 0.5 W/(m °C). 

5 2753 . The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
10 condensable hydrocarbons are olefins. 

si / 

jjjj 2755. The method of claim 2741/; wherein the produced mixture comprises non- 

4* condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

josfe / 

]p a condensable hydrocarbons ranges from about 0.001 to about 0.15. 

spa 

15 

2756. The method of claim 6741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



ill 



20 2757. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabLb hydrocarbons is oxygen. 

2758. The method of /claim 2741, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

2759. The method of claim 2741, wherein the produced mixture comprises condensable 



hydrocarbons, where 



containing compound 



n about 5 % by weight to about 30 % by weight of the condensable 



30 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



comprise phenols. 
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2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2761. The method of claim 2741, wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatic^ with more than two rings. 
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10 2762. The method of claim 2741, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2763. The method of claim 2741, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cyoloalkanes. 

2764. The method of claim 2741, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

20 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2765. The method of claim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater than ajbout 0.05 % by weight of the produced mixture is ammonia. 



2766. The method 
and wherein the ammonia 



of clsjim 2741, wherein the produced mixture comprises ammonia, 
is used to produce fertilizer. 
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2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2768. The method of claim 2741 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production well. 

2770. The method of claim 2741, further comprising altering a pressure within the 
formation to inhibit production of l/ydrocarbons from the formation having carbon 
numbers greater than about 25. 



15 
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2771. The method of claim 2741, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2772. The method of claim 274 1 , further comprising: 

providing hydrogen (H 2 ) to the selected section to hydrogenate hydrocarbons 
within the selected section; and 

heating a portion of Ahe selected section with heat from hydrogenation. 



25 
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2773 . The method of claim 274 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2774. The method of cl 
increasing a permeability 
millidarcy. 



aim 



2741, wherein allowing the heat to transfer comprises 
of a majority of the selected section to greater than about 100 
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2775. The method of claim 2741, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section, 

2776. The method of claim 2741, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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2777. The method of claim 2741, wherein aj/least about 7 heat sources are disposed in 
the formation for each production well. 

2778. The method of claim 2741 , furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 

2779. The method of claim 274 1 , further comprising providing heat from three or more 
heat sources to at least a portion o4 the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2780. A system configured Wheat a coal formation, comprising: 

a heater disposed in anf opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 

25 an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during usi such that heat is generated at the reaction zone; and 

30 wherein the system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2781 . The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 

/' 

the orifices are configured to providetiie oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
10 and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 



15 



2784. The system of claim 2/80, wherein the conduit is further configured to be cooled 
with the oxidizing fluid suchAhat the conduit is not substantially heated by oxidation. 

2785. The system of clainp 2780, wherein the conduit is further configured to remove an 
oxidation product. 



2786. The system of claim 2780, wherein the conduit is further configured to remove an 
20 oxidation product such jfhat the oxidation product transfers substantial heat to the 
oxidizing fluid. 



25 



2787. The system of/claim 2780, wherein the conduit is further configured to remove an 
oxidation product, anil wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal /to a flow rate of the oxidation product in the conduit. 



2788. The system <pf claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 



30 the oxidation produ 



zt by the oxidizing fluid. 
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2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is/configured to provide the oxidizing fluid into 
the opening during use, and wherein th^ conduit is further configured to remove an 
oxidation product during use. 

2792. The system of claim 2780, wherein the portion of the formation extends radially 
from the opening a width of less tMan approximately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heAt at least a portion of the formation during application of an 
electrical current to the conductor. 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation ^luring application of an electrical current to the insulated 
conductor. 

2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portio i of the formation during application of an electrical current to the 
at least the one elongated member. 
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2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

/ 

2797. The system of claim 2780, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2798. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbwrden casing comprises steel. 

2799 systenrof claim 2780, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim E780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a paclcing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 

opening and the overburden casing during use. 



flow of fluid between the 



2802. The system of clc 
the opening, wherein the 



4im 2780, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780, wherein the system is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide he^t to at least a portion of the formation during 
10 use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
15 that heat is generated at the reactioryzone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2805. The system of claim 280ft, wherein the oxidizing fluid is configurable to generate 
20 heat in the reaction zone such tlpt the oxidizing fluid is transported through the reaction 

zone substantially by diffusior 



25 



2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable ito provide the oxidizing fluid into the opening. 



2807. The system of clai: 
and wherein the critical flo 
fluid such that a rate 



2804, wherein the conduit comprises critical flow orifices, 
v orifices are configurable to control a flow of the oxidizing 
of oxidation in the formation is controlled. 



616 



Conley, Rose & Tayon, P C. 



2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. % 



2809. The system of claim 2804, wherein the conduit is further configurable to remove 



an oxidation product. y 



2810. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

281 1. The system of claim 2804, wherein the donduit is further configurable to remove 
an oxidation product, and wherein a flow rate/of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and whereirythe oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of trie formation beyond the reaction zone. 

2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 
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2816. The system of claim 2804, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2817. The system of claim 2804, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 
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281 8. The system of claim 2804, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of an electrical current to the insulated 
conductor. 

2819. The system of claim 2804, further comprising at least one elongated member 
15 disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the/formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



25 2821. The system of claim 280^, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



30 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, and wherein the o\ 



erburden casing comprises steel. 
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2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden oasing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the ovei/burden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyroflyze at least some hydrocarbons in the pyrolysis zone. 
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2828. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid; 



providing the 



allowing the cxidizing fluid to react with at least a portion of the hydrocarbons at 



the reaction zone to g 



to a pyrolysis zone in 



oxidizing fluid to a reaction zone in the formation; 



enerate heat at the reaction zone; and 



transferring tfe generated heat substantially by conduction from the reaction zone 



the formation. 
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2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. j 

2830. The method of claim 2828, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 
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283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a corjduit disposed in the opening such that a rate of 
oxidation is controlled. 

2832. The method of claim 2828, Airther comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising copling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



20 2834. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



2835. The method of claim 2828, wherein a conduit is disposed within the opening, the 
25 method further comprising removing an oxidation product from the formation through 

the conduit and transfer] ing heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 

2836. The method of c aim 2828, wherein a conduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination/of the oxidation product by the oxidizing 
fluid. 



m 



10 2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibitingyche oxidation product from flowing into portions 
of the formation beyond the reaction zone. 
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15 2839. The method of claim 2828, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
20 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation produot through the outer conduit. 



25 



2841 . The method of claim/2828, wherein the portion of the formation extends radially 
from the opening a width ob less than approximately 0.2 m. 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 



30 2843. The method of cla&m 

electrical current to an insulated 



2828, wherein heating the portion comprises applying 
conductor disposed within the opening. 
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2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

5 2845. The method of claim 2828, wherein heating the portion comprises heating the 

oxidizing fluid in a heat exchanger disposed external/ to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

10 2846. The method of claim 2828, further comprising removing water from the formation 
prior to heating the portion. 

2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production/of oxides of nitrogen during oxidation. 



2848. The method of claim 2828, further Comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
I'll formation. 



20 2849. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2850. The method of claim 2828, furtner comprising coupling an overburden casing to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

2851 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing mater jal is disposed at a junction of the overburden 

30 casing and the opening. 
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2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

2853. A system configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation durihg use; 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated/at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and 

wherein the system is configured to allocs heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2853, wherein thef oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizipg fluid is transported through the reaction 
zone substantially by diffusion. 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 

f )rmation is controlled. 



fluid such that a rate of oxidation in the 



2857. The system of claim 2853, wherein 
with the oxidizing fluid such that the conduit 



the conduit is further configured to be cooled 
it is not substantially heated by oxidation. 
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2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 

5 conduit is approximately equal to a flow rate of the oxidation product in the conduit. 



10 



2860. The system of claim 2853, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are/ controlled to reduce 
contamination of the oxidation product by the oxidizing/fluid. 

2861 . The system of claim 2853, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2862. The system of claim 2853, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyoncy the reaction zone. 

2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2865. The system of claim 2853, further comprising a conductor disposed in a second 
25 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. 



2866. The system of claim 2853, further comprising an insulated conductor disposed 
30 within the opening, wherein the insulated conductor is configured to heat at least a 
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portion of the formation during application of an electrical current to the insulated 
conductor. 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one/elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 
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2868. The system of claim 2853, further comprising a heat exchanger disposed external 
10 to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidising fluid is configured to heat at least a 
portion of the formation during use. 
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15 2869. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing i^ disposed in an overburden of the 
formation. 

2870. The system of claim 2853, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 



2871. The system of claim 2853, furthefr comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 



30 



2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is dispbsed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2875. The system of claim 2853, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hyd/ocarbons in the pyrolysis zone. 

2876. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed Lh an opening in the formation, wherein the 
heater is further configurable to provide heaf to at least a portion of the formation during 
use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidiziWg fluid from an oxidizing fluid source to a 
reaction zone in the formation during use,/ wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zond, and wherein the conduit is further configurable 
to remove an oxidation product from thef formation during use; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone td a pyrolysis zone during use. 

2877. The system of claim 2876, whefrein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the bxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2878. The system of claim 2876, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



10 



2880. The system of claim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the condui/ is not substantially heated by 
oxidation. 
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2881. The system of claim 2876, wherein the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate* of the oxidation product in the conduit. 



iij 2883. The system of claim 2876, wherein e pressure of the oxidizing fluid in the conduit 

i>El and a pressure of the oxidation product in me conduit are controlled to reduce 

Sim J? J 

M 20 contamination of the oxidation product bv the oxidizing fluid. 

2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



25 2885. The system of claim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2886. The system of claim 2876, 
the conduit, wherein center conduit is 
opening during use. 



further comprising a center conduit disposed within 
Configurable to provide the oxidizing fluid into the 
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2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion cjf the formation during application of 
an electrical current to the conductor. 

2889. The system of claim 2876, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of ar/ electrical current to the insulated 
conductor. 

2890. The system of claim 2876, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the flbrmation during application of an electrical 
current to the at least the one elongated merrper. 

2891 . The system of claim 2876, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heatep oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden caspg is disposed in an overburden of the 
formation. 



2893. The system of claim 2876, further 
the opening, wherein the overburden 
formation, and wherein the overburden 



casing 



^r comprising an overburden casing coupled to 

is disposed in an overburden of the 
casing comprises steel. 
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2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material ts disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2898. The system of claim 2876, wllerein the system is further configurable such that 
transferred heat can pyrolyze at least/ some hydrocarbons in the pyrolysis zone. 



25 
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2899. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation uo a temperature sufficient to support reaction of 

hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 



portion is located substantially adj 



providing the oxidizing flvid to a reaction zone in the formation; 



allowing the oxidizing gas 
the reaction zone, to generate heat 
removing at least a portior 



acent to an opening in the formation; 



to react with at least a portion of the hydrocarbons at 
in the reaction zone; 

of an oxidation product through the opening; and 



\ 
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transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further comprising transporting the oxidizing fluid 
5 through the reaction zone by diffusion. / 

2901 . The method of claim 2899, further comprising/directing at least a portion of the 
oxidizing fluid into the opening through orifices of a/conduit disposed in the opening. 



111 



10 2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

2903. The method of claim 2899, further cg/mprising increasing a flow of the oxidizing 
15 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially maintained within the reaction zone. 

2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 

20 conduit is not substantially heated by Oxidation. 
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2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. 
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2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 
rate of the oxidation product in the conduit. / 

2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure petween the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. / 

2909. The method of claim 2899, wherein a/conduit is disposed within the opening, and 
wherein removing at least the portion of the/oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 

2910. The method of claim 2899, former comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer condAit is disposed within the opening, the method further 
comprising providing the oxidizing/fluid into the opening through the center conduit and 
removing at least a portion of the okidation product through the outer conduit. 

2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

\ 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 
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5 291 4. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed v^ithin the opening. 
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2915. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

291 7. The method of claim 2899, further comprising removing water from the formation 
prior to heating the portion. 

291 8. The method of claim 2899, further co/nprising controlling the temperature of the 
formation to substantially inhibit production/of oxides of nitrogen during oxidation. 



25 



2919. The method of claim 2899, further domprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2920. The method of claim 2899, furtheJr comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden c asing comprises steel. 
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2921 . The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



5 2922. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposec/at a junction of the overburden 
casing and the opening. 

2923. The method of claim 2899, wherein the p^rolysis zone is substantially adjacent to 
10 the reaction. 
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2924. A system configured to heat a coal formation, comprising: 

an electric heater disposed in an opening in the formation, wherein the electric 
heater is configured to provide heat to at least a portion of the formation during use; 

15 an oxidizing fluid source; 

a conduit disposed in the opening, Wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

20 wherein the system is configured/ to allow heat to transfer substantially by 

conduction from the reaction zone to a riyrolysis zone of the formation during use. 
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2925. The system of claim 2924, whefein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the jbxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to providi the oxidizing fluid into the opening. 
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2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2928. The system of claim 2924, wherein the commit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not/ substantially heated by oxidation. 

2929. The system of claim 2924, wherein the coiiduit is further configured to remove an 
oxidation product. / 

2930. The system of claim 2924, wherein the/conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate 6f the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2932. The system of claim 2924, whereim the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the dbnduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation /beyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the forr lation beyond the reaction zone. 

2935. The system of claim 2924, fiiither comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
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the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 



2936. The system of claim 2924, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed/ in an overburden of the 
formation. / 

2938. The system of claim 2924, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comnfrises steel. 

2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is mirther disposed in cement. 

2940. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is dispofeed at a junction of the overburden 
casing and the opening. / 

2941. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further co uprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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2944. A system configurable to heat a coal formation, comprising: 

an electric heater configurable to be disposed in an opening in the formation, 
wherein the electric heater is further configurable to provide heat to at least a portion of 
10 the formation during use, and wherein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable to be disposedAn the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use,yand wherein the system is configurable to 
15 allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at/the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



20 2945. The system of claim 2944, Wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that ^he oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



30 



2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow ©rifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



2949. The system of claim 2944, wherein the conduct is further configurable to remove 
an oxidation product. 



2950. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



2951 . The system of claim 2944, wherein the /conduit is further configurable to remove 
an oxidation product, and wherein a flow ratevof the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the ox/dation product in the conduit. 

2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2953. The system of claim 2944, whferein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2954. The system of claim 2944, Wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2955. The system of claim 29441 further comprising a center conduit disposed within 
the conduit, wherein center condiji it is configurable to provide the oxidizing fluid into the 



opening during use, and wherein 
oxidation product during use. 



the conduit is further configurable to remove an 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



10 



2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden cafeing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2961 . The system of claim 2944, fuAher comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 



a flow of fluid between the openin 



2962. The system of claim 2944, 



and the overburden casing during use. 



, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to heat a coal formation, comprising: 

a conductor disposed in a first conduit, wherein the first conduit is disposed in an 
opening in the formation, and wherein the conductor/is configured to provide heat to at 
least a portion of the formation during use; 

an oxidizing fluid source; 

a second conduit disposed in the opening, /Wherein the second conduit is 
configured to provide an oxidizing fluid from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein me oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone c|uring use such that heat is generated at the 
reaction zone; and 

wherein the system is configured to Allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2965. The system of claim 2964, whereim the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxjfdizing fluid is transported through the reaction 
zone substantially by diffusion. 

2966. The system of claim 2964, wheifein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 



2967. The system of claim 2964, wherein the second conduit comprises critical flow 
25 orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 



30 



2968. The system of claim 2964, 
cooled with the oxidizing fluid to 



v 'herein the second conduit is further configured to be 
rejduce heating of the second conduit by oxidation. 
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2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 
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2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. 



2971 . The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 
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2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation produdt in the second conduit are controlled to 
reduce contamination of the oxidation produdt by the oxidizing fluid. 



20 



2973. The system of claim 2964, wherein tine second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2974. The system of claim 2964, wherem the oxidizing fluid is substantially inhibited 
from flowing into portions of the formatJon beyond the reaction zone. 



25 



2975. The system of claim 2964, furtl^r comprising a center conduit disposed within 
the second conduit, wherein the center ponduit is configured to provide the oxidizing 



fluid into the opening during use, and 



remove an oxidation product during use. 



2976. The system of claim 2964, wherein 
30 from the opening a width of less than 



vherein the second conduit is further configured to 



the portion of the formation extends radially 
ipproximately 0.2 m. 
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2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2979. The system of claim 2964, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 

15 casing and the opening. 

298 1 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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2982. The system of claim 2964, further aomprising an overburden casing coupled to 
the opening, wherein the overburden casirp is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing? material comprises cement. 

2983. The system of claim 2964, wherefin the system is further configured such that 
transferred heat can pyrolyze at least sorie hydrocarbons in the pyrolysis zone. 



2984. A system configurable to heat a 



oal formation, comprising: 
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a conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a portion of the formation 
during use; / 
5 a second conduit configurable to be disposed in the opening, wherein the second 

conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, a/nd wherein the system is 
configurable to allow the oxidizing fluid to oxidize at /least some hydrocarbons at the 
reaction zone during use such that heat is generated A the reaction zone; and 
10 wherein the system is further configurable t/> allow heat to transfer substantially 

Q by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

Hi 

4* 2985. The system of claim 2984, wherein the oxidizing fluid is configurable to generate 

s p heat in the reaction zone such that the oxidizin^fluid is transported through the reaction 

15 zone substantially by diffusion. 



pa 



2986. The system of claim 2984, wherein tWe second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

20 2987. The system of claim 2984, whereinfthe second conduit comprises critical flow 
orifices, and wherein the critical flow orinces are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidatiAn in the formation is controlled. 

2988. The system of claim 2984, wherjbin the second conduit is further configurable to 
25 be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system of claim 2984, whjbrein the second conduit is further configurable to 
remove an oxidation product. 
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2990. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid, 

2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 



2992. The system of claim 2984, wherein the second abnduit is further configurable to 
10 remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the/oxidizing fluid. 
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2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beycmd the reaction zone. 

2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. 

2996. The system of claim 2984, wherein thk portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2997. The system of claim 2984, further co 
30 the opening, wherein the overburden casing 
formation. 



nprising an overburden casing coupled to 
is disposed in an overburden of the 
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2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2999. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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10 3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at £ junction of the overburden 
casing and the opening. 

3001 . The system of claim 2984, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



20 3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

25 3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some [hydrocarbons in the pyrolysis zone. 
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3004. An in situ method for heating a co 
heating a portion of the formation 
of hydrocarbons within the portion of the 
heating comprises applying an electrical c 



1 formation, comprising: 
to a temperature sufficient to support reaction 
formation with an oxidizing fluid, wherein 
urrent to a conductor disposed in a first conduit 
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to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone, and 

transferring the generated heat substantially py conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 

3006. The method of claim 3004, further Comprising directing at least a portion of the 
oxidizing fluid into the opening through ^rifices of a second conduit disposed in the 
opening. 



15 



3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a ^econd conduit disposed in the opening such that a 
rate of oxidation is controlled. 



20 3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3009. The method of claim 15004, wherein a second conduit is disposed in the opening, 
the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 



3010. The method of claim 
opening, the method furthe r 
formation through the secc 



3004, wherein a second conduit is disposed within the 
comprising removing an oxidation product from the 
nd conduit. 
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3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. 

/ 

3012. The method of claim 3004, wherein / second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal t^ a flow rate of the oxidation product in the 
second conduit. 



3013. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product inAhe second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 

3014. The method of claim 3Q04, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 

3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the! outer conduit is disposed within the opening, the method further 
comprising providing th i oxidizing fluid into the opening through the center conduit and 
removing an oxidation p roduct through the outer conduit. 
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3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3018. The method of claim 3004, further comprising removing water from the formation 
5 prior to heating the portion. - s 

3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



10 3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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302 1 . The method of claim 3004,yturther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the over/burden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3024. A system configured to heat a coal formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use; / 

an oxidizing fluid source; 
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a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis^zone of the formation during use. 

/ 

3025. The system of claim 3024, wherein the/oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3026. The system of claim 3024, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide th& oxidizing fluid into the opening. 
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3027. The system of claim 3024, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices iire configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in me formation is controlled. 

3028. The system of claim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid such that the condmit is not substantially heated by oxidation. 



3029. The system of claim 302ft, wherein the conduit is further configured to remove an 
oxidation product. 
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3030. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



303 1 . The system of claim 3024 
oxidation product, and where 
approximately equal to a flo\\ 



, wherein the conduit is further configured to remove an 
n a flow rate of the oxidizing fluid in the conduit is 
rate of the oxidation product in the conduit. 
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3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 



3033. The system of claim 3024, wherein th^ conduit is further configured to remove an 
oxidation product, and wherein the oxidation /product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3035. The system of claim 3024, furmer comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and whereiiy the conduit is further configured to remove an 
oxidation product during use. 



3036. The system of claim 3024/ wherein the portion of the formation extends radially 
20 from the opening a width of less/than approximately 0.2 m. 
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3037. The system of claim 30&4, further comprising an overburden casing coupled to 
the opening, wherein the overpurden casing is disposed in an overburden of the 
formation, 

3038. The system of claim p 024, further comprising an overburden casing coupled to 
the opening, wherein the o\ferburden casing is disposed in an overburden of the 
formation, and wherein the (overburden casing comprises steel. 
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3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed' at a junction of the overburden 
casing and the opening. / 

3041 . The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an "overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing/material is configured to substantially inhibit a 
flow of fluid between the opening and tl/e overburden casing during use. 

3042. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/packing material comprises cement. 

3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyzeyat least some hydrocarbons in the pyrolysis zone, 

3044. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such thai: heat is generated at the reaction zone; and 
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wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing flui</ is transported through the reaction 
zone substantially by diffusion. 

3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein tne conduit comprises critical flow orifices, 
and wherein the critical flow orifices are cooifigurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such tl/at the conduit is not substantially heated by 
oxidation. 

3049. The system of claim 3044, jfvherein the conduit is further configurable to remove 
an oxidation product. 



3050. The system of claim 304A, wherein the conduit is further configurable to remove 
an oxidation product, such that Ahe oxidation product transfers heat to the oxidizing fluid. 



25 305 1 . The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3052. The system of claim 
30 an oxidation product, and wfierein 



3044, wherein the conduit is further configurable to remove 
in a pressure of the oxidizing fluid in the conduit and a 
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pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3054. The system of claim 3044, wherein the oxkkzing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit \f further configurable to remove an 
oxidation product during use. 

3056. The system of claim 3044, wherein/the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 



3058. The system of claim 3044, farther comprising an overburden casing coupled to 
the opening, wherein the overburddn casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the ovefrburden casing is further disposed in cement. 
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3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3061. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing/material is configurable to substantially inhibit 
a flow of fluid between the opening andihe overburden casing during use. 



HI 



n 

•P 

m 



M 20 



25 



3062. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyz^r at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a coal formation, comprising: 
heating a portion <f>f the formation to a temperature sufficient to support reaction 

of hydrocarbons within tine portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 

providing the Oxidizing fluid to a reaction zone in the formation; 

allowing the Axidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 



transferring 
to a pyrolysis zone 



30 3065. The method 
through the reaction 



he generated heat substantially by conduction from the reaction zone 
in the formation. 



of claim 3064, further comprising transporting the oxidizing fluid 
zone by diffusion. 
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3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit cjisposed in the opening such that a rate of 
oxidation is controlled. 
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3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

c I 

3069. The method of claim 3064/ wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 
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3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

3071. The method of ch tim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method or claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 
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3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of/the oxidation product by the oxidizing 
fluid. 



r 



3074. The method of claim 3064, wherein at conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting th^ oxidation product from flowing into portions 

10 of the formation beyond the reaction zone. 

3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



ill 



15 3076. The method of claim 3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

20 3077. The method of clainy3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



25 



3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. 

3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3080. The method o 
30 the opening, wherein 
formation. 



'claim 3064, further comprising coupling an overburden casing to 
the overburden casing is disposed in an overburden of the 
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3081 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3082. The method of claim 3064, further compris/ng coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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10 3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material indisposed at a junction of the overburden 
casing and the opening. 

3084. The method of claim 3064, wherein the pyrolysis zone is substantially adjacent to 
15 the reaction zone. 



3085. An in situ method for heat/ng a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially/adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidfeing fluid to a reaction zone in the formation; 

allowing the oxidfeing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



20 
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30 3086. The method o| claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 
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3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

5 3088. The method of claim 3085, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such ' 
that a rate of oxidation is substantially constant over time within the reaction zone. 



ill 



3089. The method of claim 3085, further/comprising cooling the conduit with the 
10 oxidizing fluid to reduce heating of the ofonduit by oxidation. 

3090. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conauit. 



15 



3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the Conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 



4- 



3092. The method of claim 8085, further comprising removing an oxidation product 
20 from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 



25 



3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation ntoduct in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluid. 



30 



3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 
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3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3096. The method of claim 3085, wherein a center conduit is disposed within the 
conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing/an oxidation product through the conduit. 

3097. The method of claim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 3085, further comprising removing water from the formation 



ill prior to heating the portion. 



3099. The method of claim/3085, further comprising controlling the temperature of the 



«*• 15 formation to substantially irihibit production of oxides of nitrogen during oxidation 

m 



3100. The method of ch (fim 3085, further comprising coupling an overburden casing to 
the opening, wherein the/ overburden casing is disposed in an overburden of the 
formation. 

3101. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein' the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 3102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherfein the overburden casing is disposed in an overburden of the 
formation, and wperein the overburden casing is further disposed in cement. 

3 103. The method of claim 3085, further comprising coupling an overburden casing to 
30 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3 104. The method of claim 3085, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 
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3 105. A system configured to heat a coal formation, comprising: 

at least one elongated member disp6sed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing/fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use sucm that heat is generated at the reaction zone; and 

wherein the system isyconfigured to allow heat to transfer substantially by 
conduction from the reactioiyzone to a pyrolysis zone of the formation during use. 



20 



3106. The system of clairri 3105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3107. The system of claim 3105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



25 



3108. The system of cjlaim 
and wherein the critical 
fluid such that a rate of 



3105, wherein the conduit comprises critical flow orifices, 
flow orifices are configured to control a flow of the oxidizing 
oxidation in the formation is controlled. 



30 



3109. The system of claim 3105, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3110. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product. 



3111. The system of claim 3 1 05, wherein the conduit is further configured to remove an 

oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

/ 

/ 

3112. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flo/w rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate/of the oxidation product in the conduit. 

3113. The system of claim 3 10o, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3114. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3115. The system of/claim 3105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3116. The system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product/during use. 



3117. The system 
from the opening 



of claim 3105, wherein the portion of the formation extends radially 
a width of less than approximately 0.2 m. 



\ 
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3118. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



5 3119. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing j/disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



? P. 15 
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31 20. The system of claim 3105, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3105^ further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3 1 22. The system of claim A 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



25 
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3123. The system of maim 3105, further comprising an overburden casing coupled to 
the opening, wherein trie overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



and the opening, anc 



3 1 24. The system < 
transferred heat can 



wherein the packing material comprises cement. 



f claim 3 105, wherein the system is further configured such that 
lyrolyze at least some hydrocarbons in the pyrolysis zone. 



3 125. A system co ifigurable to heat a coal formation, comprising: 
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at least one elongated member configurable to be disposed in an opening in the 
formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
5 further configurable to provide an oxidizing fluid from the oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least iome hydrocarbons at the reaction zone 
during use such that heat is generated at tMe reaction zone; and 

wherein the system is further corifigurable to allow heat to transfer substantially 
10 by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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3 126. The system of claim 3125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such thaythe oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3127. The system of claim 3i25, wherein the conduit comprises orifices, and wherein 
the orifices are configurable tb provide the oxidizing fluid into the opening. 

3128. The system of clairri 3125, wherein the conduit comprises critical flow orifices, 
and wherein the critical fldw orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



25 



3129. The system of clfaim 3125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3130. The system ofl claim 3125, wherein the conduit is further configurable to remove 
an oxidation product. 



30 3131. The system o 
an oxidation product 



claim 3125, wherein the conduit is further configurable to remove 
such that the oxidation product transfers heat to the oxidizing fluid. 
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3 132. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation pro'duct, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3133. The system of claim 3 125, wherein the^conduit is further configurable to remove 
an oxidation product, and wherein a pressure' of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3134. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3135. The system of claim 3 125, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 136. The system of claim 34 25, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



25 



3137. The system of claim 3 125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3138. The system of Claim 3125, further comprising an overburden casing coupled to 



the opening, wherein 
formation. 



he overburden casing is disposed in an overburden of the 



663 



Conley, Rose & Tayon, P.C. 



3 139. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3140. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation, and wherein the overburden casing is further^disposed in cement. 

3141. The system of claim 3125, further comprising an overburden casing coupled to 
10 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

3 142. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

15 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening ana the overburden casing during use. 

3143. The system of claim 3125, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3144. The system of claim 3Y25, wherein the system is further configurable such that 
25 transferred heat can pyrolyze/at least some hydrocarbons in the pyrolysis zone. 
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3 145. An in situ method for heating a coal formation, comprising: 

heating a portion oi the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially \jy conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3 146. The method of claim 3 145, further comp/ising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3148. The method of claim 3145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3 149. The method of claim 3 145, /further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3150. The method of claim 3 M5, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

3151. The method of clair 
method further comprising 
the conduit. 



3145, wherein a conduit is disposed within the opening, the 
Amoving an oxidation product from the formation through 



665 



Conley, Rose & Tayon, PC. 



3152. The method of claim 3 1 45, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3 1 53. The method of claim 3 145, wherein a conduij/is disposed within the opening, the 

method further comprising removing an oxidation product from the formation through 

/ 

the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product intlie conduit. 

3 1 54. The method of claim 3 145, wherein A conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. - / 

3155. The method of claim 3 145 /wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3 156. The method of claim/3 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3 157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the /outer conduit is disposed within the opening, the method further 
comprising providing thi oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3158. The method of c laim 3145, wherein the portion of the formation extends radially 
from the opening a wid h of less than approximately 0.2 m. 
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3 159. The method of claim 3 145, further comprising removing water from the formation 
prior to heating the portion. 

5 3 160. The method of claim 3 145 5 farther comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



10 



3161. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. 



nil 
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3 162. The method of claim 3 145, furthe/ comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3 1 63. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 164. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 165. The method of claim/3 145, wherein the pyrolysis zone is substantially adjacent to 
25 the reaction zone. 
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3 1 66. A system configure 

a heat exchanger disposed 

is configured to heat an oxidizing 
a conduit disposed 

the heated oxidizing fluid 



to heat a coal formation, comprising: 

external to the formation, wherein the heat exchanger 
fluid during use; 
in the opening, wherein the conduit is configured to provide 
Tom the heat exchanger to at least a portion of the formation 
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during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



10 



3 1 67. The system of claim 3 166, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3 1 68. The system of claim 3 166, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 1 69. The system of claim 3 166,/wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orif/ces are configured to control a flow of the oxidizing 
fluid such that a rate of oxidatioji in the formation is controlled. 

3 1 70. The system of claim 3 166, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3171. The system of claim ^166, wherein the conduit is further configured to remove an 
oxidation product. 



25 31 72. The system of claim 
oxidation product, such thai 
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3 1 73 . The system of clain i 
oxidation product, and 
approximately .equal to a 



3 166, wherein the conduit is further configured to remove an 
the oxidation product transfers heat to the oxidizing fluid. 



3 1 66, wherein the conduit is further configured to remove an 
wherein a flow rate of the oxidizing fluid in the conduit is 
flbw rate of the oxidation product in the conduit. 
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3 174. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

s 

3175. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond/the reaction zone. 



4; 



10 3176. The system of claim 3166, wherein Ahe oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 177. The system of claim 3 166, furtMer comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
15 the opening during use, and whereirythe conduit is further configured to remove an 
oxidation product during use. 
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3178. The system of claim 3 1 66/ wherein the portion of the formation extends radially 
from the opening a width of less Mian approximately 0.2 m. 

3 1 79. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3 1 80. The system of claim 
the opening, wherein the overburden 
formation, and wherein the c 



166, further comprising an overburden casing coupled to 

casing is disposed in an overburden of the 
verburden casing comprises steel. 



3181. The system of claim B 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3 1 82. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3183. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing'material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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3 1 84. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3185. A system configurable/to heat a coal formation, comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is furthey configurable to heat an oxidizing fluid during use; 

20 a conduit configurable to be disposed in the opening, wherein the conduit is 

further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the heated oxidizing fluid to at least the portion of the formation 
during use, and wherein/ the system is further configurable to allow the oxidizing fluid to 

25 oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated ax the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from th; reaction zone to a pyrolysis zone of the formation during use. 
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3186. The system of claim 3 185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 1 87. The system of claim 3185, wherein the/conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3188. The system of claim 3185, wherein/ the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are Configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 189. The system of claim 3 1 85, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid suchyfhat the conduit is not substantially heated by 
oxidation. 

3 190. The system of claim 3185/ wherein the conduit is further configurable to remove 
an oxidation product. 

3191. The system of claim 3 L85, wherein the conduit is further configurable to remove 
an oxidation product such that/ the oxidation product transfers heat to the oxidizing fluid. 

3 1 92. The system of claim B 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a fliw rate of the oxidation product in the conduit. 



3 193. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and (wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by Ihe oxidizing fluid. 
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3194. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3195. The system of claim 3185, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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3 1 96. The system of claim 3185, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the second conduit is further configurable to remove an 
oxidation product during use. 
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3 1 97. The system of claim 3185, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3198. The system of claim 3 1 86, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3199. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 
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3200. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the ©verburden casing is disposed in an overburden of the 
formation, and wherein tHe overburden casing is further disposed in cement. 



320 1 . The system of cl^im 
the opening, wherein a p ack: 
casing and the opening. 



3185, further comprising an overburden casing coupled to 
ing material is disposed at a junction of the overburden 
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3202. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 

a flow of fluid between the opening and the overburden casing during use. 

/ 

/ 

3203. The system of claim 3185, further comprising^ an overburden casing coupled to 
the opening, wherein the overburden casing is dispc/sed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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NDC (HEA T EXCHANGER PREHEA TING METHOD) 

3204. An in situ method for heating a coal /formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
1 5 of hydrocarbons within the portion of th^ formation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidizing fluid witfyf a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 
20 formation; and 

allowing heat to transfer fr^m the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fTuid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
25 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



204, further comprising transporting the oxidizing fluid 



3205. The method of claim 
30 through the reaction zone by diffusion 
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3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



10 



3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase m a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



m. 

iP 



15 



20 



3209. The method of claim 3204, wherein d conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3210. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing pi oxidation product from the formation through 
the conduit. 

321 1 . The method of claim 3204,/wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat /from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



25 3212. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



30 3213. The method of clairr 
method further comprising 



3204, wherein a conduit is disposed within the opening, the 
removing an oxidation product from the formation through 
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the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3214. The method of claim 3204, wherein a conduct is disposed within the opening, the 
method further comprising removing an oxidation /product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 
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10 3215. The method of claim 3204, further Comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3216. The method of claim 3204, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
15 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 
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3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

321 8. The method of clairp 3204, further comprising removing water from the formation 
prior to heating the portior 



3219. The method of claim 3204, further comprising controlling the temperature of the 
25 formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. The method of dlaim 3204, further comprising coupling an overburden casing to 
the opening, wherein trfe overburden casing is disposed in an overburden of the 
formation. 
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3221 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3222. The method of claim 3204, further comprising coupling an overburden casing to 

/ 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3224. The method of claim 3204, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3225. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: / 

oxidizing a fuel gas in a heater, wherein the heater is disposed external to the 
formation; / 

providing the oxidize/d fuel gas from the heater to the portion of the formation; 
and / 

allowing heat to tra/isfer from the oxidized fuel gas to the portion of the 
formation; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



676 



Conlcy, Rose & Tayon, P C. 



3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 
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3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



/ 



3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a co/iduit disposed in the opening such that a rate of 
oxidation is controlled. 

3229. The method of claim 3225/ further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



15 3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 

method further comprising cpoling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
20 method further comprising removing an oxidation product from the formation through 
the conduit. 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

25 the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3233. The method of daim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

30 the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 
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3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 

5 product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

/ 

3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

10 the conduit and substantially inhibiting the/oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



?F= 1 5 

ill , 

5i 3237. The method of claim 3225/ wherein a center conduit is disposed within an outer 

S conduit, and wherein the outer conduit is disposed within the opening, the method further 

7: / 

!tJ comprising providing the oxidizing fluid into the opening through the center conduit and 

p removing an oxidation producy through the outer conduit. 

^ b 20 

3238. The method of claim 6225, wherein the portion of the formation extends radially 
from the opening a width ocless than approximately 0.2 m. 

3239. The method of claim 3225, further comprising removing water from the formation 
25 prior to heating the portion. 



3240. The method of cl/aim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3241. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



5 3242. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3243. The method of claim 3225, further comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. 

3245. The method of clainjf 3225, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3246. A system configured to heat a coal formation, comprising: 
an insulated conductor disposed within an open wellbore in the formation, 

wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during luse; and 



wherein the sys 
conductor to a selectee 

3247. The system of 
to generate heat during 
during use. 



30 3248. The system of 
support member is co 



em is configured to allow heat to transfer from the insulated 



section of the formation during use. 



laim 3246, wherein the insulated conductor is further configured 
application of an electrical current to the insulated conductor 



laim 3246, further comprising a support member, wherein the 
[figured to support the insulated conductor. 
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3249. The system of claim 3246, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

3250. The system of claim 3246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

3251. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

3253. The system of Jlaim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of* claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor /with a cold pin transition conductor. 



3255. The system/of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3256. The system 
disposed in an ek ctrically 
material is disposed 



of claim 3246, wherein the insulated conductor comprises a conductor 

insulating material, and wherein the electrically insulating 
in a sheath. 
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3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material,/(vherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper/nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261. The system of clainV 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrica/fry insulating material, wherein the electrically insulating material 
comprises magnesium/oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately/ 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electridally insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. j 



10 



3265. The system of claim 3246, wherein thef insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. 



ffl 
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3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, £nd wherein the sheath comprises stainless steel. 

3267. The system of claim 32^46, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



20 3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wh'erein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



25 3269. The system of 
wherein the insulated 
support member, and 
conductor are con 



laim 3246, further comprising an additional insulated conductor, 
onductor and the additional insulated conductor are coupled to a 
wherein the insulated conductor and the additional insulated 
figu red in a parallel electrical configuration. 



30 3270. The system oft claim 
generate radiant heat <l>f 



3246, wherein the insulated conductor is configured to 
approximately 500 W/m to approximately 1 150 W/m during use. 
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3271 . The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
during use. / 



10 



3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



15 



20 



3273. The system of claim 3246, further cotaprising a tube coupled to the insulated 
conductor, wherein the tube is configured jlo provide a flow of fluid into the open 
wellbore during use. 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 

3275. The system of claim 3246/ further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3276. The system of claim 32f46, further comprising an overburden casing coupled to 
the open wellbore, wherein th£ overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3277. The system of claim 
the open wellbore, wherein 
formation, and wherein the 



$246, further comprising an overburden casing coupled to 
t[he overburden casing is disposed in an overburden of the 
Overburden casing is further disposed in cement. 
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3278. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. , 
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3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open weubore and the overburden casing during use. 

3280. The system of claim 3246, furthey comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein tire packing material comprises cement. 

3281. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the/one sealing flange is configured to couple to the lead-in 
conductor. 



3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. 



30 3283. A system configurab 



e to heat a coal formation, comprising: 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 
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3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 



3287. The system of claim 328^, wherein the open wellbore comprises a diameter of at 
20 least approximately 5 cm. 
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3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, whereiiy the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 



insulated conductor, wher 
conductor. 



3290. The system of clafm 
insulated conductor, whejrein 



*in the lead-in conductor comprises a rubber insulated 



3283, further comprising a lead-in conductor coupled to the 
the lead-in conductor comprises a copper wire. 
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3291. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 

3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating^material, and wherein the conductor comprises a 
copper-nickel alloy. 



20 



3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 °/<j nickel by weight. 



25 



3296. The system of claim 6283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 61% nickel by weight. 



30 



3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 
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3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein th<^magnesium oxide comprises a thickness of 
at least approximately 1 mm. 



10 



3300. The system of claim 3283, whereiA the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3301 . The system of claim 3283, wfierein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles arrf configurable to occupy porous spaces within the 
magnesium oxide. 

3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheatljl, and wherein the sheath comprises a corrosion-resistant 
material. 
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3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a shekth, and wherein the sheath comprises stainless steel. 



3304. The system of claim 
conductors, wherein the insulated 
are configurable in a 3-phas<; 



3283, further comprising two additional insulated 

conductor and the two additional insulated conductors 
Y configuration. 



687 



Conley, Rose & Tayon, P C 



10 



3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



ur^tt 



3306. The system of claim 3283, further comprising/an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 
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3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500/W/m to approximately 1 150 W/m during use. 

3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow thnjtigh the support member into the open wellbore 
during use. 

3309. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a Substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



25 



33 10. The system of claim 3286, further comprising a tube coupled to the insulated 
conductor, wherein the tube is Configurable to provide a flow of fluid into the open 
wellbore during use. 



3311. The system of claim 
30 conductor, wherein the tube co 



32(83, further comprising a tube coupled to the first insulated 
mprises critical flow orifices configurable to provide a 



688 



Conley, Rose & Tayon, P.C. 



substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 

33 12. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. j 

3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden cas/ng is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

33 14. The system of claim 3283, further Comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/Casing is further disposed in cement. 

33 15. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing Material is disposed at a junction of the overburden 
casing and the open wellbore. / 

33 16. The system of claim 32Jp, further comprising an overburden casing coupled to 
the open wellbore, wherein the/overburden casing is disposed in an overburden of the 
formation, wherein a packing /naterial is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3317. The system of claii 
the open wellbore, wherei 
formation, wherein a pack 
and the open wellbore, anl 



3283, further comprising an overburden casing coupled to 
the overburden casing is disposed in an overburden of the 
tng material is disposed at a junction of the overburden casing 
wherein the packing material comprises cement. 
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33 1 8. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing fl&nge is configurable to couple to the lead-in 
conductor. / 

33 1 9. The system of claim 3283, wherein the system is further configured to transfer 
heat such that the transferred heat can ttyrolyze at least some hydrocarbons in the selected 
section. / 

3320. An in situ method for heatiyfg a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide radiant heat to 
at least a portion of the formation, wherein the insulated conductor is disposed within an 
open wellbore in the formation;/and 

allowing the radiant heit to transfer from the insulated conductor to a selected 
section of the formation. / 

3321. The method of clainy3320, further comprising supporting the insulated conductor 
on a support member. 

3322. The method of claij 
on a support member and jr 
member with a centralize *. 

3323. The method of cliim 3320, wherein the insulated conductor is coupled to two 
additional insulated cone uctors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3 -phase Y configuration. 
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3320, further comprising supporting the insulated conductor 
laintaining a location of the insulated conductor on the support 



3324. The method of claim 3 3 20, wherein an additional insulated conductor is disposed 
within the open wellbore. 



3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326. The method of claim 3320, wherein an/additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled^ in a parallel configuration. 

3327. The method of claim 3320, wherpin the provided heat comprises approximately 
500 W/m to approximately 1 150 W/mJ 

3328. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

3329. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electric/ally insulating material, wherein the conductor 
comprises a copper-nickel alloy/ and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by Weight to approximately 12 % nickel by weight. 

3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3331. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 
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3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

/ 

3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide/and magnesium oxide. 

3334. The method of claim 3320, whereirf the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesiufa oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 

3335. The method of claim 3320, Avherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherdin the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim J320, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the open wellbore through an orifice in the 
support member. 



3338. The method of claini 3320, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 
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3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

) 

3340. The method of claim 3320, wherein a/tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid into /he open wellbore through critical flow orifices 
in the tube. 

3341. The method of claim 3320, rarther comprising supporting the insulated conductor 
on a support member and flowing d corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 
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3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulfated conductor, the method further comprising flowing a 
corrosion inhibiting fluid intoithe open wellbore through the perforated tube. 

3343. The method of claim S320, further comprising determining a temperature 
distribution in the insulated Conductor using an electromagnetic signal provided to the 
insulated conductor. 



30 



3344. The method of claim 
insulated conductor. 

3345. The method of claijn 
current. 

3346. The method of cla^m 
insulated conductor. 



3320, further comprising monitoring a leakage current of the 



3320, further comprising monitoring the applied electrical 



3320, further comprising monitoring a voltage applied to the 
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3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a (/old pin transition conductor. 

3350. The method of claim 3320, furthei/comprising electrically coupling a lead-in 
conductor to the insulated conductor usiiig a cold pin transition conductor, wherein the 
cold pin transition conductor comprised a substantially low resistance insulated 
conductor. / 

3351. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the ove/burden casing is disposed in an overburden of the 
formation. / 

3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the Overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein trie overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3354. The method of claimf 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 
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3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a coal/formation, comprising: 

applying an electrical current to an/insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation; and 

allowing the heat to transfer frc/m the insulated conductor to a section of the 
formation. 

3358. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member. 

3359. The method of claim 335A7, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centraliter. 



3360. The method of claim B357, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed wiyiin the opening, and wherein the three insulated conductors 
are electrically coupled in af 3-phase Y configuration. 



3361. The method of clai 
within the opening. 



laim 3357, wherein an additional insulated conductor is disposed 
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3362. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



5 3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3364. The method of claim 3357, wherein/the provided heat comprises approximately 
10 500 W/m to approximately 1 1 50 W/m. 
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3365. The method of claim 3357, whei/ein the insulated conductor comprises a 
conductor disposed in an electrically ii/sulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

3366. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electricaMy insulating material, wherein the conductor 
comprises a copper-nickel alloy, atnd wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weyght to approximately 12 % nickel by weight. 

3367. The method of claim 33f57, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alldy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by ^weight to approximately 6 % nickel by weight. 

3368. The method of clahW 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



3369. The method of claim 
conductor disposed in an e 



3357, wherein the insulated conductor comprises a 
ctrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

3370. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 

// 

3371 . The method of claim 3357, wher^ih the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. / j 

3372. The method of claim 33577wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherfein the sheath comprises a corrosion-resistant material. 

3373. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and Wherein the sheath comprises stainless steel. 

3374. The method of clai 
on a support member and i 
support member. 

3375. The method of cl; 
on a support member anc 
opening through critical 



3357, further comprising supporting the insulated conductor 
Ifowing a fluid into the opening through an orifice in the 



im 3357, further comprising supporting the insulated conductor 
flowing a substantially constant amount of fluid into the 
low orifices in the support member. 



697 



Conley, Rose & Tayon, PC. 




3376. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



10 
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3377. The method of claim 3357, wherein a tube is deposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flom orifices in the tube. 

3378. The method of claim 3357, further comt/rising supporting the insulated conductor 
on a support member and flowing a corrosion /nhibiting fluid into the opening through an 
orifice in the support member. 

3379. The method of claim 3357, wherein/ a perforated tube is disposed in the opening 
proximate to the insulated conductor, the rfiethod further comprising flowing a corrosion 
inhibiting fluid into the opening through ihe perforated tube. 

3380. The method of claim 3357, further comprising determining a temperature 
distribution in the insulated conductor jhsing an electromagnetic signal provided to the 
insulated conductor. 

3381. The method of claim 3357, fjarther comprising monitoring a leakage current of the 
insulated conductor. 



3382. The method of claim 33577 further comprising monitoring the applied electrical 
25 current. 

3383. The method of claim 3337, further comprising monitoring a voltage applied to the 
insulated conductor. 



30 3384. The method of claim 3i57, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises si substantially low resistance insulated 
conductor. / 

3388. The method of claim 3357, farther comprising coupling an overburden casing to 
the opening, wherein the overburden /casing is disposed in an overburden of the 
formation. / 

3389. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3390. The method of claim 335/, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3391 . The method of claim 33^7, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packir g material is disposed at a junction of the overburden 
casing and the opening. 

\ 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

|\ 

3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 
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3394. A system configured to heat a coal formation, comprising: 

10 an insulated conductor disposed withjfn an opening in the formation, wherein the 

insulated conductor is configured to provideAieat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

15 wherein the system is configured Jto allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 

3395. The system of claim 3394, whe/rein the insulated conductor is further configured 
to generate heat during application of/an electrical current to the insulated conductor 

20 during use. 



3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

25 3397. The system of claim 3394,/ further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

30 3398. The system of claim 3394 , wherein the opening comprises a diameter of at least 
approximately 5 cm. 

\ 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor compulses a rubber insulated 
conductor. 
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3401 . The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor ycomprises a copper wire. 

3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition/conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and whereih the electrically insulating material comprises 
a thermally conductive material. 



25 



3405. The system of claim 3394, wherdin the copper-nickel alloy is disposed in an 
electrically insulating material, and whejrein the electrically insulating material comprises 
magnesium oxide. 



30 



3406. The system of claim 3394, wMrein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the mkgnesium oxide comprises a thickness of at least 
approximately 1 mm. 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 



3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically ins/ulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spacfes within the magnesium oxide. 

3409. The system of claim 3394, wherein the coppe/-nickel alloy is disposed in an 
electrically insulating material, wherein the electrica/lly insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3410. The system of claim 3394, wherein the capper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

341 1 . The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and th^ additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor ana the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parajlel electrical configuration. 
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3414. The system of claim 3394, wherein the insulated conductor is conligured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

341 5. The system of claim 3394, further comprising Jsupport member configured to 

support the insulated conductor, wherein the support member comprises orifices 

/ \ 

configured to provide fluid flow through the support member into the opening during use. 
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3416. The system of claim 3394, further comp/ising a support member configured to 
10 support the insulated conductor, wherein the support member comprises critical flow 

orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during us 

3417. The system of claim 3394, further comprising a tube coupled to the insulated 
15 conductor, wherein the tube is configured to provide a flow of fluid into the opening 

during use. 

3418. The system of claim 3394, fu/ther comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 

20 substantially constant amount of fli/id flow through the support member into the opening 
during use. 



25 



3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



30 



3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3421. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disp^ed at a junction of the overburden 
casing and the opening. 

3423. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and j/ne overburden casing during use. 

3424. The system of claim 3394, fufther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the racking material comprises cement. 

3425. The system of claim 33v4, further comprising an overburden casing coupled to 
the opening, wherein the overt/urden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at leasy the one sealing flange is configured to couple to the lead-in 
conductor. 



3426. The system of claim 3394, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloyyfcomprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow he&t to transfer from the insulated 
conductor to a selected section of the formation during use. 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electoral current to the insulated conductor 
during use, / 

3429. The system of claim 3427, furtheryfcomprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3430. The system of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. / 

343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3432. The system of claim B427, further comprising a lead-in conductor coupled to the 
insulated conductor, whereih the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



5 3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 
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3435. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3436. The system of claim 3427, further comprising a/lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3437. The system of claim 3427, wherein the coAper-nickel alloy is disposed in an 
electrically insulating material, and wherein the yelectrically insulating material comprises 
a thermally conductive material. 

3438. The system of claim 3427, wherein tMe copper-nickel alloy is disposed in an 
electrically insulating material, and wherein' the electrically insulating material comprises 
magnesium oxide. 



25 



3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, whereirYthe electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 



30 



3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and ivherein the electrically insulating material comprises 
aluminum oxide and magnesium oxfide. 
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3441. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

5 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically irfeulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

10 3443. The system of claim 3427, wherein the copper/nickel alloy is disposed in an 

electrically insulating material, wherein the electricaWy insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 



Ill 



3444. The system of claim 3427, further comprising two additional insulated 
15 conductors, wherein the insulated conductor an0 the two additional insulated conductors 

are configurable in a 3 -phase Y configuration. 

3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

20 support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



25 



3446. The system of claim 3427, furtHer comprising an additional insulated conductor, 
wherein the insulated conductor and tMe additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 



30 



3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 
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3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

3450. The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable/to provide a flow of fluid into the opening 
during use. 



15 



345 1 . The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises/critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. 



20 



3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 



3453. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3454. The system of claim 
the opening, wherein the overburden 
formation, andjwherein the 



427, further comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
(iverburden casing is further disposed in cement. 
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3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3456. The system of claim 3427, further comp^isin^ an overburden casing coupled to 
the opening, wherein the overburden casing is /disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and yie overburden casing during use. 

3457. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing maternal is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 34^7, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least/ the one sealing flange is configurable to couple to the lead-in 
conductor. 

3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3460. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 

3461. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. / 



m 



3462. The method of claim 3460, further comprising supporting the insulated conductor 
10 on a support member and maintaining a locatio/t of the first insulated conductor on the 

support member with a centralizer. 

3463. The method of claim 3460, whereiiVthe insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 

15 conductors are disposed within the openihg, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 
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3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening. 

3465. The method of claim 3460/ wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



25 3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The method of claim 
30 500 W/m to approximately 1 



'3460, wherein the provided heat comprises approximately 
150 W/m. 
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3468. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. / 

3470. The method of claim 3460, wherein the' copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. / 

3471. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein they magnesium oxide comprises grain particles, and wherein 
the grain particles are configiyred to occupy porous spaces within the magnesium oxide. 

3473. The method of clai: 
electrically insulating mate 
and wherein the sheath co^ 

3474. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath (comprises stainless steel. 



3460, wherein the copper-nickel alloy is disposed in an 
Hal, wherein the insulating material is disposed in a sheath, 
iprises a corrosion-resistant material. 
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3475. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 
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3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 

3477. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the methoa further comprising flowing a fluid into 
the opening through the perforated tube. 

3478. The method of claim 3460, wherein d tube is disposed in the opening proximate to 
the insulated conductor, the method further Comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3479. The method of claim 3460, furthet comprising supporting the insulated conductor 
on a support member and flowing a conjbsion inhibiting fluid into the opening through an 
orifice in the support member. 

3480. The method of claim 3460, wHerein a perforated tube is disposed in the opening 
proximate to the insulated conductor; the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



25 348 1 . The method of claim 3460,/further comprising determining a temperature 

distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 



30 



3482. The method of claim 
insulated conductor. 



346D, further comprising monitoring a leakage current of the 
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3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 

/ 

3484. The method of claim 3460, further comprisin4 monitoring a voltage applied to the 
insulated conductor. / 

3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, further Comprising electrically coupling a lead-in 
conductor to the insulated conductor, wh/rein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conducto/ using a cold pin transition conductor. 

3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated condi/ctor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. / 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein thef overburden casing is disposed in an overburden of the 
formation, and wherein me overburden casing comprises steel. 



713 



Conley, Rose & Tayon, P C. 



3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is dispensed at a junction of the overburden 
casing and the opening. 



1 Tr- 
ill 



10 3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further dbmprises inhibiting a flow of fluid between 
the opening and the overburden casing witn a packing material. 

15 3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially pyrolyze at lt/ast some hydrocarbons within the formation. 



4: 
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3495. A system configured to heat a/coal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated Conductors are electrically coupled in a 3 -phase Y 
configuration, and wherein at least/the three insulated conductors are configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

3496. The system of claim 3495, wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 



30 3497. The system of claim 3^ 
support member is configured 



95, further comprising a support member, wherein the 
to support at least the three insulated conductors. 
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3498. The system of claim 3495, further comprising a support member and a centralizer, 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to /maintain a location of at least the 
three insulated conductors on the support member. 

3499. The system of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



I! 



10 3500. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance condijctor configured to generate substantially no 
heat. 

15 3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 



3502. The system of claim 3495, further comprising at least one lead-in conductor 
20 coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wir 



25 



3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



30 
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3505. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. / \ 

3507. The system of claim 3495, wherein at feast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, And wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3495, wherefin at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel tty weight to approximately 6 % nickel by weight. 

3509. The system of claim 3495, 
comprise a conductor disposed in ; 
electrically insulating material con 

3510. The system of claim 3495 J wherein at least the three insulated conductors 
comprise a conductor disposed in/an electrically insulating material, and wherein the 
electrically insulating material cdmprises magnesium oxide. 

3511. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of zt least approximately 1 mm. 



lerein at least the three insulated conductors 
electrically insulating material, and wherein the 
prises a thermally conductive material. 



716 



Conley, Rose & Tayon, P C. 



3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises alumin^n oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the'insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

3514. The system of claim 3495, wherefin at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system of claim 3495, Wherein at least the three insulated conductors 
comprise a conductor disposed in An electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3516. The system of claim 3495, wherein at least the three insulated conductors are 
configured to generate radianyheat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 



3517. The system of claim/3495, further comprising a support member configured to 
support at least the three iniulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. 



3518. The system of claim 
support at least the three i 



3495, further comprising a support member configured to 
ihsulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3519. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. 



10 



3520. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises/critical flow orifices configured to 
provide a substantially constant amount of fluid/1 low through the support member into 
the opening during use. 



15 



3521. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casin§/is disposed in an overburden of the 
formation. 



20 



3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3523. The system of claim 3495, fiirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 
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3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3525. The system of claim 3(495 
the opening, wherein the overburden 



, further comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3526. The system of claim 3495, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 

/ 

formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



10 
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3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a /vellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wheyein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 

3528. The system of claim 3495, whferein the system is further configured to transfer 
heat such that the transferred heat ca^ pyrolyze at least some hydrocarbons in the selected 
section. 



3529. A system configurable to hfcat a coal formation, comprising: 

at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least /the three insulated conductors are electrically coupled 
25 in a 3 -phase Y configuration, and wherein at least the three insulated conductors are 

further configurable to provide Heat to at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 



719 



Conley, Rose & Tayon, P C. 




3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. j 

5 353 1 . The system of claim 3529, further comp/ising a support member, wherein the 
support member is configurable to support at lJast the three insulated conductors. 

3532. The system of claim 3529, further comprising a support member and a centralizer, 
wherein the support member is configurable/ to support at least the three insulated 

10 conductors, and wherein the centralizer is Configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529, where/in the opening comprises a diameter of at least 
approximately 5 cm. / 

15 / ~ 

3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configurable to generate substantially no 
heat. / 

20 / 

3535. The system of claim 3529/ further comprising at least one lead-in conductor 
coupled to at least the three insulAted conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

25 3536. The system of claim 35: 
coupled to at least the three ins] 
conductor comprises a copper jl 



p9, further comprising at least one lead-in conductor 
ilated conductors, wherein at least the one lead-in 
^ire. 



30 



3537. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 
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3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 




3539. The system of claim 3529, wherein at least the /three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 



10 3540. The system of claim 3529, wherein at least the three insulated conductors 

comprise a conductor disposed in an electricaj/y insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 
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3541 . The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel aWoy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel tey weight to approximately 12 % nickel by weight. 

3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in/an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3543. The system of claim 3529, wherein at least the three insulated conductors 
25 comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



30 



3544. The system of cMm 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 
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3545. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3546. The system of claim 3529, wherein at least the thiApe insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



10 
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3547. The system of claim 3529, wherein the insulted conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 

3548. The system of claim 3529, whereirl at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in ah electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3550. The system of claim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. 



30 3551. The system of claim 35 
support at least the three insulat 



9, further comprising a support member configurable to 
3d conductors, wherein the support member comprises 
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orifices configurable to provide fluid flow through the support member into the opening 
during use. 

3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configurable to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 



4? 
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3553. The system of claim 3529, further comprising a tfrbe coupled to at least the three 
10 insulated conductors, wherein the tube is configurable fo provide a flow of fluid into the 

opening during use. 

3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprise/ critical flow orifices configurable to 

15 provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 

3555. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

20 formation. 



25 



3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburddn casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 3558. The system of claim 3529^ 
the opening, wherein the 



further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3559. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed At a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing ys disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden caiing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the /insulated conductor, wherein the wellhead is 
disposed external to the overburden, vlherein the wellhead comprises at least one sealing 
flange, and wherein at least the one scaling flange is configurable to couple to the lead-in 
conductor. 



3562. The system of claim 3529, Wherein the system is further configured to transfer 
heat such that the transferred heat cfin pyrolyze at least some hydrocarbons in the selected 
section. 

3563. An in situ method for heating a coal formation, comprising: 
applying an electrical current to at least three insulated conductors to provide heat 

to at least a portion of the formatioA, wherein at least the three insulated conductors are 
disposed within an opening in the formation; and 
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allowing the heat to transfer from at least the three insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further comprisir^ supporting at least the three 
5 insulated conductors on a support member. 
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3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member ana maintaining a location of at least the three 
insulated conductors on the support member/with a centralizes 

3566. The method of claim 3563, where/n the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3567. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in ad electrically insulating material, and wherein the 
conductor comprises a copper-nicyel alloy. 

3568. The method of claim 356(3, wherein at least the three insulated conductors 
comprise a conductor disposed/in an electrically insulating material, wherein the 
conductor comprises a coppe/nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



25 
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3569. The method of clai/n 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3570. The method 
comprise a conductor 
electrically insulating 



of claim 3563, wherein at least the three insulated conductors 
disposed in an electrically insulating material, and wherein the 
material comprises magnesium oxide. 
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357 1 . The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically/insulating material, and wherein the 
electrically insulating material comprises alum/num oxide and magnesium oxide. 



10 
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3573. The method of claim 3563, wherein/at least the three insulated conductors 
comprise a conductor disposed in an elect/ically insulating material, wherein the 
electrically insulating material comprise^ magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wnerein the grain particles are configured to occupy 
porous spaces within the magnesiumyoxide. 

3574. The method of claim 35637wherein at least the three insulated conductors 
comprise a conductor disposed iiy an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. 

3575. The method of claW3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. 

3576. The method of c/aim 3563, further comprising supporting at least the three 



insulated conductors on 
an orifice in the suppon 



a support member and flowing a fluid into the opening through 
member. 
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3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 

3578. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductor^, the method further comprising 
flowing a fluid into the opening through the perforated tube. 



U 
m 



3579. The method of claim 3563, wherein a^tube is disposed in the opening proximate to 
10 at least the three insulated conductors, the method further comprising flowing a 

substantially constant amount a fluid into/the opening through critical flow orifices in the 
tube. 

3580. The method of claim 3563, farther comprising supporting at least the three 
15 insulated conductors on a support member and flowing a corrosion inhibiting fluid into 

the opening through an orifice in the support member. 

3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 

20 flowing a corrosion inhibiting fluid into the opening through the perforated tube. 



25 



3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 



30 



3583. The method of c 
least the three insulated 

3584. The method of c 
current. 



aim 3563, further comprising monitoring a leakage current of at 
conductors. 

aim 3563, further comprising monitoring the applied electrical 
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3585. The method of claim 3563, further comprising monitoring a voltage applied to at 
least the three insulated conductors. 



/5 
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3586. The method of claim 3563, further comprising monitoring a temperature in at 
least the three insulated conductors with at least one thermocouple. 



l5J 
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3587. The method of claim 3563, further/comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

3588. The method of claim 3563, farther comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor. 
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3589. The method of claim 356$, further comprising electrically coupling a lead-in 

15 conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition/conductor comprises a substantially low resistance 
insulated conductor. 

3590. The method of clain4 3563, further comprising coupling an overburden casing to 
20 the opening, wherein the cjverburden casing is disposed in an overburden of the 

formation. 



25 



3591. The method of alaim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3592. The method jbf claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. n 
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3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing witM a packing material. 

3595. The method of claim 3563, furtMer comprising heating at least the portion of the 
formation to substantially pyrolyze at/least some of the hydrocarbons within the 
formation. 

3596. A system configured to hrfat a coal formation, comprising: 
a first conductor disposeu in a first conduit, wherein the first conduit is disposed 

within an opening in the form^xion, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the first conductor 
to a section of the formation during use. 



3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 



25 3598. The system of claim 3596, wherein the first conductor comprises a pipe. 



3599. The system ofjfclaim 3596, wherein the first conductor comprises stainless steel. 
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3600. The system o 



claim 3596, wherein the first conduit comprises stainless steel. 
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3601 . The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 



3602. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material. 



10 



3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the fipst conduit, wherein the centralizer comprises 
ceramic material and stainless steel. 
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3604. The system of claim 3596, whe/ein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3605. The system of claim 3596/further comprising a lead-in conductor coupled to the 
first conductor, wherein the leadAn conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim p 596, further comprising a lead-in conductor coupled to the 
20 first conductor, wherein the lead-in conductor comprises copper. 



3607. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 



25 
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3608. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 



to the first conduit. 

3609. The system of 
coupled to the first conductor, 



laim 3596, further comprising a sliding electrical connector 

, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 

3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one/sliding electrical connector is 
configured to generate less heat than the first conductor or the second conductor during 
use. / 

3611. The system of claim 3596, wherein /he first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than/heat radiated from the first conductor to the section 
along the second section of the conduit. 

3612. The system of claim 3596/ further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 

3613. The system of claim/* 596, further comprising a thermally conductive fluid 
disposed within the first conduit. 

3614. The system of cMm 3596, further comprising a thermally conductive fluid 
disposed within the first/conduit, wherein the thermally conductive fluid comprises 
helium. 

3615. The system of c laim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 



of the first conduit during use. 
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3617. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant heat of approximately 650 W/rn to approximately 1650 W/m during use. 

3618. The system of claim 3596, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductors electrically coupled to the second conductor and 
the third conductor, and wherein the^irst, second, and third conductors are configured to 
operate in a 3 -phase Y configuration during use. 

3619. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3620. The system of claim/3596, further comprising a second conductor disposed within 
the first conduit, wherein tme second conductor is electrically coupled to the first 
conductor to form an elec/rical circuit with a connector. 



25 



30 



3621. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein tfye overburden casing is disposed in an overburden of the 
formation. 

3622. The system of claim 3596, further comprising an overburden casing coupled to 



the opening, wherein 
formation, and where 



le overburden casing is disposed in an overburden of the 
the overburden casing comprises steel. 



\ 
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3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is furthler disposed in cement. 



10 
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3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is psposed at a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



20 



3626. The system of claim 3396, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 
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3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wnerein the substantially low resistance conductor comprises carbon 
steel. 



3628. The system 
the opening and a 
casing and a 
within the overburdeh 



off claim 3596, further comprising an overburden casing coupled to 
substantially low resistance conductor disposed within the overburden 
centrali^er configured to support the substantially low resistance conductor 
casing. 
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3629. The system of claim 3596, wherein the heated section of the formation is 
substantially pyrolyzed. 

A 

3630. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a fi^st conduit, wherein the first 
conduit is configurable to be disposed within an opening/in the formation, and wherein 
the first conductor is further configurable to provide h^at to at least a portion of the 
formation during use; and 

wherein the system is configurable to allowyfieat to transfer from the first 
conductor to a section of the formation during use/ 

363 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3630, whereM the first conductor comprises stainless steel. 

3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 

3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 



3636. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 



3637. The system of claim 3630, 
maintain a location of the first 
comprises ceramic material and 



further comprising a centralizer configurable to 
conductor within the first conduit, wherein the centralizer 
sthinless steel. 
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3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

5 3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 3630, further comprising a lead-ii4 conductor coupled to the 
10 first conductor, wherein the lead-in conductor comprises cor/per. 
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3641 . The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. 

15 3642. The system of claim 3630, further comprising k sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3643. The system of claim 3630, further comprising a sliding electrical connector 
20 coupled to the first conductor, wherein the sliding? electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 



3644. The system of claim 3630, further comprising a second conductor disposed within 
25 the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least thjb one sliding electrical connector is 
configurable to generate less heat than the fif st conductor or the second conductor during 
use. 



30 3645. The system of claim 3630, wherein 
a second section, wherein a thickness of th 



the first conduit comprises a first section and 
first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first conduit during use. 

3647. The system of claim 3630, further comprising ^ thermally conductive fluid 
disposed within the first conduit. 

3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the tMermally conductive fluid comprises 
helium. 

3649. The system of claim 3630, further Comprising a fluid disposed within the first 
conduit, wherein the fluid is configurabWto substantially inhibit arcing between the first 
conductor and the first conduit during use. 

3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, whereir/the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first cond/iit and the opening to substantially inhibit deformation 
of the first conduit during use. 

365 1 . The system of claim 36io, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3652. The system of claim 3630, further comprising a second conductor disposed within 
a second conduit and a third Jbonductor disposed within a third conduit, wherein first 
conduit, the second conduit <ind the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configurable 
to operate in a 3 -phase Y configuration during use. 

3653. The system of claim 3630, further comprising a^second conductor disposed within 

/ * 

the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 
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3654. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with ar connector. 

3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3656. The system of claim 3630, fiurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3657. The system of claim 36B0, further comprising an overburden casing coupled to 
the opening, wherein the overpurden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 3659. The system of cl 
the opening, wherein the 



£fim 3630, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

h 

5 3660. The system of claim 3630, further comprising ar/ overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. / 
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3661 . The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 

3662. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. 

3663. The system of claim 3^30, wherein the heated section of the formation is 
substantially pyrolyzed. 



3664. An in situ method for heating a coal formation, comprising: 
25 applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation/ wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 

30 3665. The method of claim 3664, wherein the first conductor comprises a pipe. 
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3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, wherein the first conduit comprises stainless steel. 

3668. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer/ 

3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material. / 

3670. The method of claim 3664, fi/rther comprising maintaining a location of the first 
conductor in the first conduit with si centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 

3671 . The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 

3672. The method of claim 3664, further comprising electrically coupling a sliding 
electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead configured to complete an electrical circuit with the first 
conductor. / 

3673. The method of fclaim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generated by the first 
conduit. 

3674. The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 
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3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

5 3676. The method of claim 3664, further comprising monitoring the applied electrical 
current. 
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3677. The method of claim 3664, further comprising monitoring a voltage applied to the 
first conductor. 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouples 



3679. The method of claim 3664, ftirther comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

3680. The method of claim 3^64, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

20 formation, and wherein the Overburden casing comprises steel. 
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3681. The method of cla/m 3664, further comprising coupling an overburden casing to 
the opening, wherein the /overburden casing is disposed in an overburden of the 
formation, and wherein rhe overburden casing is further disposed in cement. 

3682. The method of jblaim 3664, further comprising coupling an overburden casing to 
the opening, wherein tiie overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 



casing and the openii 



g- 
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3683. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packirigjmaterial. 

I 

3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 

3685. The method of claim 3664, further comprising coupling an overburden casing to 



]il the opening, wherein a substantially/low resistance conductor is disposed within the 

w / 

4* overburden casing, wherein the substantially low resistance conductor is electrically 

.p coupled to the first conductor, ajad wherein the substantially low resistance conductor 

f^l 15 comprises carbon steel. 

5; 

CI , 
a p 3686. The method of claim 3664, further comprising coupling an overburden casing to 

H; / 

*w the opening, wherein a substantially low resistance conductor is disposed within the 

"IT" / 

O overburden casing, wherein the substantially low resistance conductor is electrically 

20 coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. / 

3687. The methon of claim 3664, further comprising electrically coupling a lead-in 
25 conductor to the first conductor, wherein the lead-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3688. The metiod of claim 3664, further comprising electrically coupling a lead-in 



conductor to the 



30 



first conductor, wherein the lead-in conductor comprises copper. 
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3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and the formation to substantially inhibit deformation of the 
first conduit. 

5 3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 
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3691. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693. The method of claim 3664, furtner comprising removing a vapor from the 
opening -using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 

3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 

3695. The method of claim J664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. 



25 3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein th^ second conductor is electrically coupled to the first conductor 
with a connector. 



3697. The method ofjclaim 3664, wherein a second conductor is disposed within a 
30 second conduit and a tpird conductor is disposed within a third conduit, wherein the 

second conduit and the third conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and third conductors are configured to operate 
in a 3 -phase Y configuration. 
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3698. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical (Connector is coupled to the first 
conductor and the second conductor, and wherein/heat generated by at least the one 
sliding electrical connector is less than heat generated by the first conductor or the second 
conductor. 

3699. The method of claim 3664, whereivf the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than/heat radiated from the first conductor to the section 
along the second section of the conduit. 

3700. The method of claim 3664/ further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 

3701. The method of claim 3664, further comprising disposing a perforated tube 
proximate to the first conduit/and flowing an oxidizing fluid through the perforated tube. 
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3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3703. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in/ the formation; 

a second conductor disposed in a second conduit, wherein the second conduit is 
disposed within a^secomd opening in the formation; 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at lea^ a portion of the formation 
5 during use; and 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein the /first, second, and third conductors are 
10 further configured to generate heat during application of an electrical current to the first 
i™\ conductor. 

4) 

*ip 3705. The system of claim 3703, wherefin the first, second, and third conductors 



■ if 3 



15 



comprise a pipe. 

3706. The system of claim 3703, yherein the first, second, and third conductors 
comprise stainless steel. 



3707. The system of claim 3703, wherein the first, second, and third openings comprise 
20 a diameter of at least approximately 5 cm. 



3708. The system of claim/3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



25 



3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 
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3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 



i 



371 L The system of claim 3703, further comprising third sliding electrical connector 
coupled to the third conductor, wherein the third slicing electrical connector is further 
coupled to the third conduit. 

3712. The system of claim 3703, wherein eacm of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the ^ection along the first section of each of the 
conduits is less than heat radiated from me first, second, and third conductors to the 
section along the second section of each of the conduits. 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially iphibit deformation of the first, second, and third 
conduits during use. 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 
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3715. The system of claim/3703, further comprising a thermally conductive fluid 
disposed within the first, sgcond, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



3716. The system of claijm 
second, and third conduit 
between the first, second, 
during use. 



3703, further comprising a fluid disposed within the first, 
wherein the fluid is configured to substantially inhibit arcing 
and third conductors and the first, second, and third conduits 
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3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 
heated portion of the formation such that a pressure Balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conouits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3719. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of jfhe formation, and wherein at least the one 
overburden casing comprises steel. 



3721. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburdery of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 



3722. The system of claim 3703, 
coupled to the first, second, and tl 
casing is disposed in an overbiuxk n 
disposed at a junction of at least tlfte 
openings. 



further comprising at least one overburden casing 
ird openings, wherein at least the one overburden 
of the formation, and wherein a packing material is 
one overburden casing and the first, second, and third 
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3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing ana the first, second, and third 
openings, and wherein the packing material is further configured to substantially inhibit a 
flow of fluid between the first, second, and third opening anp. at least the one overburden 
casing during use. 

3724. The system of claim 3703, wherein the heated s/ction of the formation is 
substantially pyrolyzed. 

3725. A system configurable to heat a coal formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within/a third opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
in a 3 -phase Y configuration, and wherein tine first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first, second, 
and third conductors to a selected section/ of the formation during use. 

3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat dicing application of an electrical current to the first 
conductor. 



30 3727. The system of claim 3725, wherein the first, second, and third conductors 
comprise a pipe. 
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3728. The system of claim 3725, wherein the first, second, and third conductors 
comprise stainless steel. 



5 3729. The system of claim 3725, wherein the first, second, and third opening comprise a 



diameter of at least approximately 5 cm. 
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3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 
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373 1 . The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first gliding electrical connector is further 
coupled to the first conduit. 

3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3733. The system of claim 3725, furthfer comprising a third sliding electrical connector 
coupled to the third conductor, wherei/i the third sliding electrical connector is further 
coupled to the third conduit. 
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3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the secind section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 



section along the second section 



of each of the conduits. 
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3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of thy first, second, and third 
conduits during use. 



3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits^ 



oil 



3737. The system of claim 3725, further composing a thermally conductive fluid 
10 disposed within the first, second, and third corpuits, wherein the thermally conductive 

fluid comprises helium, 

3738. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 

15 between the first, second, and third concjuctors and the first, second, and third conduits 
during use. 
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3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings ^external to the first, second, and third conduits, 
20 wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion of the formation su£h that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 



25 3740. The system of claim 3725, wherein the first, second, and third conductors are 

further configurable to generatjb radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3741 . The system of claim 3 725, further comprising at least one overburden casing 
30 coupled to the first, second, and third openings, wherein at least the one overburden 

irden of the formation. 



casing is disposed in an overb 
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3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steeL / 

3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3744. The system of claim 3725, furthfer comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden pf the formation, and wherein a packing material is 
disposed at a junction of at least thgr one overburden casing and the first, second, and third 
openings. 



3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, andf third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at leafet the one overburden casing and the first, second, and third 
openings, and wherein the padking material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during us* . 



3746. The system of claim 
substantially pyrolyzed. 



3725, wherein the heated section of the formation is 



3747. An in situ method fo - 



heating a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within at second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to transfer from the fjrst, second, and third conductors to a 
selected section of the formation. 
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3748. The method of claim 3747, wherein/the first, second, and third conductors 
comprise a pipe. 

15 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
20 stainless steel. 



375 1 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

25 3752. The method of claim 374*1 further comprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 



3753. The method of claim 37f47, further comprising monitoring the applied electrical 
30 current. 
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3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising monkoring a temperature in the 
5 first, second, and third conduits with at least one thermocouple. 
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3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747, further Comprising providing a thermally conductive 
fluid within the first, second, and third ccmduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and tfylrd conduits, wherein the thermally conductive fluid 
comprises helium. 



Ill 
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3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors And the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 



25 



3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 



30 



3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a Second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 
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less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 
5 an orifice in the first, second, and third conduits. J 

3763. The method of claim 3747, further comprising iieating at least the portion of the 
formation to substantially pyrolyze at least some of tMe carbon within the formation. 
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10 3764. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a conduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor witly a connector, and wherein the first and 
15 second conductors are configured to provide peat to at least a portion of the formation 
during use; and 

wherein the system is configured to/allow heat to transfer from the first and 
second conductors to a selected section ofiihe formation during use. 



20 3765. The system of claim 3764, wherdin the first conductor is further configured to 
generate heat during application of an elfectrical current to the first conductor. 



25 
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3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. 

3767. The system of claim 3764, wherein the first and second conductors comprise 
stainless steel. 



3768. The system of claim 3764, w 



lerein the conduit comprises stainless steel. 
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3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material. 



10 



3771 . The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the j/onduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3772. The system of claim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3773. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-yfn conductor comprises a low resistance 
conductor configured to generate substantially no heat. 



20 



3774. The system of claim 3764, further aomprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



25 



3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of tne first section is greater than a thickness of the 
second section such that heat radiated firom the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduii 



30 



3776. The system of claim 3764, 
wherein the fluid is configured to 
inhibit deformation of the conduit duiring use. 



fuifther comprising a fluid disposed within the conduit, 
maintain a pressure within the conduit to substantially 
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3777. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fliiid comprises helium. 



3779. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing betyeen the first and second 
conductors and the conduit during use. 

3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3781. The system of claim 3764, wherein the first ^nd second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. 



25 3783. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3784. The system of claim 3764, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 

5 casing and the opening. 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a /unction of the overburden casing 

10 and the opening, and wherein the packing material is/rurther configured to substantially 

j«* inhibit a flow of fluid between the opening and the ^verburden casing during use. 

if \ 

m 

■4* 3787. The system of claim 3764, wherein the heated section of the formation is 
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substantially pyrolyzed. 



3788. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a conduit, wherein the conduit is 
configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
20 conductor is configurable to be electricaMy coupled to the first conductor with a 
connector, and wherein the first and second conductors are further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected sectio/i of the formation during use. 

25 

3789. The system of claim 3788, wrferein the first conductor is further configurable to 
generate heat during application of am electrical current to the first conductor. 

3790. The system of claim 3788, wherein the first and second conductors comprise a 
30 pipe. 



756 



Conley, Rose & Tayon, P C. 



3791 . The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the conduit comprises stainless steel. 

3793. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second Conductors within the conduit. 
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3794. The system of claim 3788, furtKer comprising a centralizer configurable to 
10 maintain a location of the first and second conductors within the conduit, wherein the 

centralizer comprises ceramic material. 

3795. The system of claim 37S58, further comprising a centralizer configurable to 
maintain a location of the firs/ and second conductors within the conduit, wherein the 

15 centralizer comprises ceramfc material and stainless steel. 

3796. The system of cl^fm 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

20 3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 



3798. The system of claim 3788, further comprising a lead-in conductor coupled to the 
25 first and second /conductors, wherein the lead-in conductor comprises copper. 



30 



3799. Thesy; 
second section 
second section 
first section of 
along the seco 



em of claim 3788, wherein the conduit comprises a first section and a 
wherein a thickness of the first section is greater than a thickness of the 
such that heat radiated from the first conductor to the section along the 
the conduit is less than heat radiated from the first conductor to the section 
d section of the conduit. 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. / 

3801 . The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit. / 

3802. The system of claim 3788, furtbfer comprising a thermally conductive fluid 
disposed within the conduit, wherein/the thermally conductive fluid comprises helium. 

3803. The system of claim 3788< further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit ana the opening to substantially inhibit deformation of the conduit 
during use. / 

3805. The system pf claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3806. The syste n of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



m 



3809. The system of claim 3788, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material/s disposed at a junction of the overburden 
casing and the opening. 

3810. The system of claim 3788, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



20 3811. The system of claim 3/788, wherein the heated section of the formation is 
substantially pyrolyzed. 



25 
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3812. An in situ method fbr heating a coal formation, comprising: 

applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 



allowing heat to 
the formation. 

3813. The method of c 



transfer from at least the two conductors to a selected section of 



laim 3812, wherein at least the two conductors comprise a pipe. 
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3814. The method of claim 3812, wherein at least the two conductors comprise stainless 
steeL 

5 3815. The method of claim 3812, wherein the conduit ^omprises stainless steel. 

3816. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralize 

10 3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a cei/ralizer, wherein the centralizer comprises 
ceramic material. 



15 
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3818. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit wit^ a centralizer, wherein the centralizer comprises 
ceramic material and stainless steeL 

3819. The method of claim 3812, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3820. The method of claim i812, further comprising determining a temperature 
distribution in the conduit ujftng an electromagnetic signal provided to the conduit. 



3821. The method of claiyn 3812, further comprising monitoring the applied electrical 
25 current. 



3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two conductors, 



30 3823. The method of c 
conduit with at least one 



aim 3812, further comprising monitoring a temperature in the 
thermocouple. 
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3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/ 

3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



m 



10 3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3827. The method of claim 3812, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing materpl is disposed at a junction of the overburden 
casing and the opening. 



3828. The method of claim 3812, {farther comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden/ casing with a packing material. 

3829. The method of claim 3 8 12, further comprising maintaining a sufficient pressure 
25 between the conduit and the/ formation to substantially inhibit deformation of the conduit. 

3830. The method of clajm 3812, further comprising providing a thermally conductive 
fluid within the conduit. 



30 3831. The method of c 
fluid within the conduit 



aim 3812, further comprising providing a thermally conductive 
wherein the thermally conductive fluid comprises helium. 



761 



Conley, Rose & Tayon, PC 



3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

5 3833. The method of claim 3812, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

3834. The method of claim 3812, further comprising ffowing a corrosion inhibiting fluid 
10 through a perforated tube disposed proximate to the conduit in the opening. 
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3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from tha first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3836. The method of claim 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3837. The method of claim 3812, farther comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 



3838. The method of claim 38 12L further comprising heating at least the portion of the 
25 formation to substantially pyrolyze at least some of the carbon within the formation. 



30 



3839. A system configured to neat a coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first portion of the formation during use; 
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at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provined by at least the one conductor 
during use; and / 

wherein the system is configured to allow heat 10 transfer from at least the one 
conductor to a section of the formation during use. 



1X1 



til 

IP 

!!! 

O 



3840. The system of claim 3839, wherein at least/the one conductor is further 
10 configured to generate heat during application of An electrical current to at least the one 

conductor. 

3841 . The system of claim 3839, wherein at /east the one conductor comprises a pipe. 

15 3842. The system of claim 3839, wherein at least the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherefin the conduit comprises stainless steel. 

20 3844. The system of claim 3839, furtner comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 



25 



3845. The system of claim 3839, flirther comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material. 



3846. The system of claim 3839f, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 



30 
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3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprised a low resistance 
conductor configured to generate substantially no heat. 

3849. The system of claim 3839, further comprising a leadyin conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

p 3850. The system of claim 3839, wherein the conduit comprises a first section and a 

^ second section, wherein a thickness of the first section is greater than a thickness of the 

m I 

*p second section such that heat radiated from the first conductor to the section along the 
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first section of the conduit is less than heat radiated ycom the first conductor to the section 
15 along the second section of the conduit. 

385 1 . The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pre/sure within the conduit to substantially 
inhibit deformation of the conduit during use. 

20 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. 

3853. The system of claim 3839, further c/omprising a thermally conductive fluid 
25 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3854. The system of claim 3839, furthet comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between at least the one 
conductor and the conduit during use. 

30 
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3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit Reformation of the conduit 
during use. 
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3856. The system of claim 3839, wherein at least the ohe conductor is further 
configured to generate radiant heat of approximately <p0 W/m to approximately 1650 
W/m during use. 

3857. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is d/sposed in an overburden of the 
formation. 
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3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3859. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 



3860. The system of claim 3839, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 



3861. The system of claim 383i9, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
30 formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance cc/n\tuctor is electrically coupled to at 
least the one conductor. 
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3863. The system of claim 3839, further cc^ymprising an overburden casing coupled to 
10 the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein tpe substantially low resistance conductor comprises 
carbon steel. 

15 3864. The system of claim 3839,/further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 

20 3865. The system of claim £839, wherein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a coal formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
25 conduit is configurable to be disposed within an opening in the formation, and wherein at 
least the one conductor is further configurable to provide heat to at least a first portion of 
the formation during use; 

at least one sliaing connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
30 connector is further configurable to provide heat during use, and wherein heat provided 
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by at least the one sliding connector is substantially less than the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

5 

3867. The system of claim 3866, wherein at least the oAc conductor is further 
configurable to generate heat during application of anelectrical current to at least the one 
conductor. 

10 3868. The system of claim 3866, wherein at leas/ the one conductor comprises a pipe. 
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3869. The system of claim 3866, wherein at least the one conductor comprises stainless 
steel. 

15 3870. The system of claim 3866, wherein trfe conduit comprises stainless steel. 

3871. The system of claim 3866, further Comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 



20 3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one cc/nductor within the conduit, wherein the 
centralizer comprises ceramic material^ 

3873. The system of claim 3866, further comprising a centralizer configurable to 
25 maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 
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3874. The system of claim 3866, 
approximately 5 cm. 



'herein the opening comprises a diameter of at least 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

5 3876. The system of claim 3866, further comprising a leaden conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 
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3877. The system of claim 3866, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section/is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiate^from the first conductor to the section 
along the second section of the conduit. 

3878. The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintainyk pressure within the conduit to substantially 
inhibit deformation of the conduit during us 

3879. The system of claim 3866, fiirthe/ comprising a thermally conductive fluid 
disposed within the conduit. 

3880. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, whereiA the thermally conductive fluid comprises helium. 



3881. The system of claim 3866/further comprising a fluid disposed within the conduit, 
25 wherein the fluid is configurable ko substantially inhibit arcing between at least the one 
conductor and the conduit during use. 



30 



3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, whereiA the tube is configurable to remove vapor produced from 
at least the heated, portion of the formation such that a pressure balance is maintained 
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between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3883. The system of claim 3866, wherein at least the/ojie conductor is further 
configurable to generate radiant heat of approximately p50 W/m to approximately 1650 
W/m during use. 
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3884. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3885. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3886. The system of claim 3866, furthejr comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



20 3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing /naterial is disposed at a junction of the overburden 
casing and the opening. 

25 3888. The system of claim 38p6, further comprising an overburden casing coupled to 
the opening, wherein the overrourden casing is disposed in an overburden of the 
formation, wherein a packing/material is disposed at a junction of the overburden casing 
and the opening, and whereiii the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



30 
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3889. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 



10 



3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. 



.p 
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3891. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable /0 support the substantially low resistance conductor 

15 within the overburden casing. 

3892. The system of claim 3866/ wherein the heated section of the formation is 
substantially pyrolyzed. 



3 ; 



20 3893. An in situ method for bleating a coal formation, comprising: 

applying an electrical/current to at least one conductor and at least one sliding 
connector to provide heat to/at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
25 provided by at least the one sliding connector; and 

allowing the heatfto transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 



3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 



30 
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3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. 



i. 



3896. The method of claim 3893, wherein the conduit comprises stainless steel 



3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. 



n 
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3898. The method of claim 3893, further comprising maintaining a location of at least 
10 the one conductor in the conduit witja a centralizer, wherein the centralizer comprises 

ceramic material. 

3899. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer, wherein the centralizer comprises 

15 ceramic material and stainless/steel. 



1*5!.' 

11 



3900. The method of clainy 3893, wherein the provided heat comprises approximately 
650 W/m to approximately /l 650 W/m, 

20 3901 . The method of claam 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 



25 



3902. The method of ^laim 3893, further comprising monitoring the applied electrical 
current. 



3903. The method o 
least the one conductor, 



3904. The method of 
30 conduit with at least One 



claim 3893, further comprising monitoring a voltage applied to at 



claim 3893, further comprising monitoring a temperature in the 
thermocouple. 
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3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3906. The method of claim 3893, further comprlsW coupling an overburden casing to 
the opening, wherein the overburden casing is ^disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3907. The method of claim 3893, further comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3893/ further comprising coupling an overburden casing to 
the opening, wherein the overbumen casing is disposed in an overburden of the 

15 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim k 893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

20 formation, and wherein thepiethod further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



25 
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3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and vilierein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 



3911. The method of c 
the opening, wherein a 
overburden casing 



aim 3893, further comprising coupling an overburden casing to 
Substantially low resistance conductor is disposed within the 
wherein the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 



10 



3912. The method of claim 3893, further comprising coupling an overburden casing to 

the opening, wherein a substantially low resistance conductor is disposed within the 

/ 

overburden casing, wherein the substantiallyTow resistance conductor is electrically 
coupled to at least the one conductor, andXvherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 

3913. The method of claim 3891, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



15 3914. The method of claim 3893, further comprising electrically coupling a lead-in 

conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 



o 
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3915. The method of claim 3893, further comprising maintaining a sufficient pressure 
between the conduit arid the formation to substantially inhibit deformation of the conduit. 

3916. The method 6f claim 3893, further comprising providing a thermally conductive 
fluid within the connuit. 



3917. The method of claim 3893, further comprising providing a thermally conductive 
25 fluid within the conduit, wherein the thermally conductive fluid comprises helium. 



3918. The method 
conductor and the 



of claim 3893, further comprising inhibiting arcing between the 
conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

/ 

3920. The method of claim 3893, further ^mprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proxirAate to the conduit in the opening. 

3921 . The method of claim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3922. The method of claim 389^, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 



3923. The method of claim j5893, further comprising heating at least the portion of the 
jl; 15 formation to substantially pyrolyze at least some of the carbon within the formation. 



3924. A system configured to heat a coal formation, comprising: 

>U at least one elongated member disposed within an opening in the formation, 

■P / 

p wherein at least the one elongated member is configured to provide heat to at least a 



20 portion of the formatioy during use; and 
wherein the system is configured 
elongated member to a section of the formation during use 



wherein the system is configured to allow heat to transfer from at least the one 



3925. The system o^f claim 3924, wherein at least the one elongated member comprises 
25 stainless steel. 

3926. The system/of claim 3924, wherein at least the one elongated member is further 



configured to gene 
elongated member 



ate heat during application of an electrical current to at least the one 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

3928. The system of claim 3924, further comprisjii^ a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 
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3929. The system of claim 3924, further comprising a support member coupled to at 

10 least the one elongated member, wherein me support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate Xp at least the one elongated member during use. 

15 

3930. The system of claim 3924; further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 

20 elongated member during use. 



25 
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3931. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member apd a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3934. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heatj 

3935. The system of claim 3924, further comprising a lead-m conductor coupled to at 
least the one elongated member, wherein the lead-in conduc|6r comprises a rubber 
insulated conductor. 

3936. The system of claim 3924, further comprising a/ead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3937. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3938. The system of claim 3924, further comr/rising a lead-in conductor coupled to at 
least the one elongated member with a cold piA transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3924, wherein/at least the one elongated member is arranged 
in a series electrical configuration. 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 



394 1 . The system of claim 3924, wheijbin at least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation. / 

3944. The system of claim 3924, further comprisingyan overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material fs disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3948. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden basing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3949. The system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzed. 

3950. A system configurable to heat a coal formation, comprising: 
at least one elongated member configurable to be ^disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow Meat to transfer from at least the one 
elongated member to a section of the formation during use. 

395 1 . The system of claim 3950, wherein at lept the one elongated member comprises 
stainless steel. 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, whereyi the support member is configurable to support 
at least the one elongated member. 

3954. The system of claim 3950, fuirher comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 



3955. The system of claim 3950, further comprising a support member coupled to at 



least the one elongated member, w 
at least the one elongated member. 



erein the support member is configurable to support 
wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least tHe one elongated member during 
use. 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbon deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim 3950, further/comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is/configurable to maintain a location of at least the one 
elongated member on the support/member. 

3959. The system of claim 39^0, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim f95Q 7 further comprising a lead-in conductor coupled to at 
25 least the one elongated memfber, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 



30 



3961 . The system of claim 
least the one elongated mepiber 
insulated conductor. 



3950, further comprising a lead-in conductor coupled to at 
, wherein the lead-in conductor comprises a rubber 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 
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3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

3966. The system of claim 3950, wherein ft least the one elongated member is arranged 
in a parallel electrical configuration. 

3967. The system of claim 3950, wherei/i at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3968. The system of claim 3950, furtf^r comprising a perforated tube disposed in the 
opening external to at least the one elomgated member, wherein the perforated tube is 
configurable to remove vapor from thq opening to control a pressure in the opening 
during use. 

3969. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden {casing is disposed in an overburden of the 
formation. 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

u 

3971. The system of claim 3950, further comprising mi overburden casing coupled to 
the opening, wherein the overburden casing is disposfed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3972. The system of claim 3950, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing indisposed in an overburden of the 

formation, and wherein a packing material i$r disposed at a junction of the overburden 
casing and the opening. 

3973. The system of claim 3950, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950,/further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein ttte packing material is further configurable to substantially 
inhibit a flow of fluid betweerythe opening and the overburden casing during use. 



25 3975. The system of claim J>950, wherein the heated section of the formation is 
substantially pyrolyzed. 
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3976. An in situ method fjbr 
applying an electrical 
at least a portion of the formation 
within an opening of the formation 



heating a coal formation, comprising: 
current to at least one elongated member to provide heat to 
, wherein at least the one elongated member is disposed 
and 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. 



3977. The method of claim 3976, wherein at least the one ejjongated member comprises 
a metal strip. 

3978. The method of claim 3976, wherein at least the one elongated member comprises 
a metal rod. 

3979. The method of claim 3976, wherein at least tl^e one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further comprj/sing supporting at least the one 
elongated member on a center support member. , 

398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

3982. The method of claim 3976, further /comprising electrically isolating at least the 
one elongated member with a centralizer./ 

3983. The method of claim 3976, further comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 

3985. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 
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3986. The method of claim 3976, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further comprising deteAnining a temperature 
distribution in at least the one elongated member using an /electromagnetic signal 
provided to at least the one elongated member. 
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3988. The method of claim 3976, further comprising/monitoring the applied electrical 
current. 

10 

3989. The method of claim 3976, further comprising monitoring a voltage applied to at 
least the one elongated member. 

3990. The method of claim 3976, further comprising monitoring a temperature in at 
15 least the one elongated member with at least one thermocouple. 

3991 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 

20 the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. 



25 



3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on/at least the one elongated member. 
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3993. The method of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantiallyAno heat. 



/ 

3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a coM pin transition conductor. 



in 



3996. The method of claim 3976, further comprising Electrically coupling a lead-i 
conductor to at least the one elongated member usine/a cold pin transition conductor, 
wherein the cold pin transition conductor comprise^a substantially low resistance 
insulated conductor. 



3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation. 

3998. The method of claim 3976, further ytomprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

3999. The method of claim 3976, furttter comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 

\ / 

4000. The method of claim 3976, farther comprising coupling an overburden casing to 
the opening, wherein a packing ma^brial is disposed at a junction of the overburden 
casing and the opening. 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing Material is disposed at a junction of the overburden 
casing and the opening, and whefrein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



4003. A system configured to heat a coal formation, comprising: 
at least one elongated member disposed within an omening in the formation, 

wherein at least the one elongated member is configured tp provide heat to at least a 
portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

4004. The system of claim 4003, wherein gft least the one elongated member comprises 
stainless steel. 

4005. The system of claim 4003, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is/ further configured to support at least the one 
elongated member. 



4007. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit! is further configured to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 



4009. The system of claim 4003, further comprising a centrs/lizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the coqfcluit. 



4010. The system of claim 4003, wherein the opemng/comprises a diameter of at least 
approximately 5 cm. 

401 1. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

40 1 2. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the ljfad-in conductor comprises a rubber 
insulated conductor. 

40 1 3 . The system of claim 4003 , further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

40 1 4. The system of claim 4003 , further/ comprising a lead-in conductor coupled to at 
least the one elongated member with a cdld pin transition conductor. 

4015. The system of claim 4003, furthfer comprising a lead-in conductor coupled to at 
least the one elongated member with a/cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



4016. The system of claim 4003, wtterein at least the one elongated member is arranged 
in a series electrical configuration. 
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401 7. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 



401 8. The system of claim 4003, wherein at lea^t the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



(X) 
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40 1 9. The system of claim 4003 , further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from thevopening to control a pressure in the opening during 
use. 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

4021. The system of claim/4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel 



25 



30 



4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system df claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whefrein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

/ 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 

10 inhibit a flow of fluid between the opening and the overburden casing during use. 



'0 4026. The system of claim 4003, wherein the heated section of the formation is 

m r 

,p substantially pyrolyzed. 

■* 

s r 15 4027. A system configurable to heat a coal formation, comprising: 

m / 

- ■ ' at least one elongated/member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
20 further configurable ^provide an oxidizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit/carbon deposition on or proximate to at least the one elongated 
member during use; and 

wherein the system is further configurable to allow heat to transfer from at least 
25 the one elongated member to a section of the formation during use. 

4028. The sysfem of claim 4027, wherein at least the one elongated member comprises 
stainless steel. 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

4030. The system of claim 4027, wherein at least the ode elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. / 

403 1. The system of claim 4027, wherein at leas/ the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member, and wherein the conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of claim 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

4035. The system of clainy4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

4036. The system of cl 
least the one elongated! 
insulated conductor. / 



lim 4027, further comprising a lead-in conductor coupled to at 
lember, wherein the lead-in conductor comprises a rubber 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system of claim 4027, further comprising a lead-in corjkuctor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance /nsulated conductor. 

10 / 

4040. The system of claim 4027, wherein at least the oneyelongated member is arranged 

*£i in a series electrical configuration. / 

$j / 

^ 404 1 . The system of claim 4027, wherein at least the 6ne elongated member is arranged 

4* 15 in a parallel electrical configuration. / 

y 4042. The system of claim 4027, wherein at least tfie one elongated member is 

111 configurable to generate radiant heat of approxima/tely 650 W/m to approximately 1650 

fij W/m during use. / 

H 20 / 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the openirfg to control a pressure in the opening 
during use. / 

25 / 

4044. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. / 

4046. The system of claim 4027, further comprising an o verburden/casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed i/i cement. 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an Overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed aft a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wheyein the heated section of the formation is 
substantially pyrolyzed. ( / 

4051 . An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, \vherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

5 

4052. The method of claim 405 1 , wherein at least the one elongated member comprises 
a metal strip. 

4053. The method of claim 405 1 , wherein at least the one elongated member comprises 
10 a metal rod. 



ill 4054. The method of claim 405 1 , wherein at least the one elongated member comprises 

m 

,p stainless steel. 



15 4055. The method of claim 405 1 , further comprisj/ig supporting at least the one 
elongated member on a center support member. 



III 4056. The method of claim 405 1 , further comprising supporting at least the one 

■M I 

j»i elongated member on a center support member/ wherein the center support member 

20 comprises a tube. 

4057. The method of claim 4051, further cc/mprising electrically isolating at least the 
one elongated member with a centralizer. 

25 4058. The method of claim 4051, further Comprising laterally spacing at least the one 
elongated member with a centralizer. 

4059. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a series configuration. 

30 
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4060. The method of claim 405 1, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

4061. The method of claim 4051, wherein the provided heat comprises approximately 
5 650 W/m to approximately 1650 W/m. 



m 



10 



,P 15 



4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member using fxv electromagnetic signal 
provided to at least the one elongated member. 

4063. The method of claim 4051, further comprising monitoring the applied electrical 
current. 

4064. The method of claim 4051, further comprising monitoring a voltage applied to at 
least the one elongated member. 



.n 

m 

M 



20 



25 



4065. The method of claim 405 1 , further comprising monitoring a temperature in at 
least the one elongated member with at jfeast one thermocouple. 

4066. The method of claim 4051 , further comprising supporting at least the one 
elongated member on a center suppoiA member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. 



4067. The method of claim 405 1 , 
one elongated member comprises 1 
disposed in the opening proximate 



wherein providing the oxidizing fluid to at least the 
owing the oxidizing fluid through orifices in a tube 
to at least the one elongated member. 



793 



Conlcy, Rose & Tayon, P C 



4068. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

i 

4069. The method of claim 4051, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 



10 



4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member usingf a cold pin transition conductor, 
wherein the cold pin transition conductor comprise^ a substantially low resistance 
insulated conductor. 



m 



IP* 

iii 
m 



407 1 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing i^ disposed in an overburden of the 

15 formation. 

4072. The method of claim 405 1 , further/comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 4073 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden o'asing is disposed in cement. 



25 



4074. The method of claim 4051, Mrther comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 



4075. The method of claim 4051 
the opening, wherein a packing material 
casing and the opening, and wher&in 
fluid between the opening and the 



further comprising coupling an overburden casing to 
is disposed at a junction of the overburden 
the method further comprises inhibiting a flow of 
overburden casing with the packing material. 
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4076. The method of claim 405 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



m 

4' 



4077. An in situ method for heating a coal formation, comprising: 
5 oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized fuel fli/id into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the oxidized fue|/fluid to a section of the formation; 

and 

10 allowing additional heat to transfer from anyfelectric heater disposed in the opening 

to the section of the formation, wherein heat is alLowed to transfer substantially uniformly 
along a length of the opening. 

4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
15 fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

conduit disposed in the opening. 

4079. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

20 conduit disposed in the opening, the ryethod further comprising removing an exhaust 
fluid through the opening. 



25 



30 



4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

408 1 . The method of claim 407 j, further comprising removing the oxidized fuel fluid 
through the conduit. 



4082. The method of claim 40, 
through the conduit and providi ig 
additional heater disposed in the 



7, further comprising removing the oxidized fuel fluid 

the removed oxidized fuel fluid to at least one 
formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 

5 conduit. 

4084. The method of claim 4077, wherein the electric Keater is an insulated conductor. 

4085. The method of claim 4077, wherein the elecjiric heater is a conductor disposed in 
10 the conduit. 



III 



4086. The method of claim 4077, wherein th^ electric heater is an elongated conductive 
member. 



m 
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15 4087. A system configured to heat a coal formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more Meat sources are configured to provide heat to at least 
a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the one or more 
20 heat sources to a selected section of the formation during use. 



25 



4088. The system of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hyarocarbons within the selected section of the formation. 

4089. The system of clapn 4087, wherein the one or more heat sources comprise 
electrical heaters. 



30 



4090. The system of Cjflaini 4087, wherein the one or more heat sources comprise surface 
burners. 
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4091 . The system of claim 4087, wherein the one or more heat sources comprise 
flameless distributed combustors. 

4092. The system of claim 4087, wherein the one or more/l^eat sources comprise natural 
distributed combustors. / 

4093. The system of claim 4087, wherein the one o/more open wellbores comprise a 
diameter of at least approximately 5 cm, / 

4094. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, ^wherein the overburden casing is disposed in 
an overburden of the formation. / 

4095. TJie system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, andAvherein the overburden casing comprises steel. 

4096. The system of claim 4087( further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing is further disposed in 
cement. / 

4097. The system of clainy 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at least one of the one or more open wellbores. 

4098. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or rr ore open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
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the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 

4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the on,e or more open wellbores, and 
wherein the packing material comprises cement. 

4100. The system of claim 4087, wherein the system is further configured to transfer 
*0 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

m * 

.£« section. 

i- 

.spa 

?f« 15 4101 . The system of claim 4087, further comprising a valve coupled to at least one of 



3 3 



10 



the one or more heat sources configured to control pressure within at least a majority of 



!!! the selected section of the formation. 



4102. The system of claim 4087, further comprising a valve coupled to a production 
20 well configured to control a pressure within at least a majority of the selected section of 

the formation. 

4103. A method of treating a c©al formation in situ, comprising: 
providing heat from ona or more heat sources to at least one portion of the 

25 formation, wherein the one or ipore heat sources are disposed within one or more open 
wellbores in the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation. 

30 
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4104. The method of claim 4103, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4105. The method of claim 4103, wherein controlling^ormation conditions comprises 
maintaining a temperature within the selected section Xvithin a pyrolysis temperature 
range with a lower pyrolysis temperature of about 2^0 °C and an upper pyrolysis 
temperature of about 400 °C. 

4106. The method of claim 4103, wherein the ^ne or more heat sources comprise 
electrical heaters. 

4107. The method of claim 4103, wherein ythe one or more heat sources comprise 
surface burners. 

4108. The method of claim 4103, wherpin the one or more heat sources comprise 
flameless distributed combustors. 

4109. The method of claim 4103, wherein the one or more heat sources comprise natural 
distributed combustors. 

4110. The method of claim 4 103,/ wherein the one or more heat sources are suspended 
within the one or more open wellbores. 



4111. The method of claim 41 0B, wherein a tube is disposed in at least one of the one or 
more open wellbores proximate io heat source, the method further comprising flowing a 



substantially constant amount a 
through critical flow orifices in 



fluid into at least one of the one or more open wellbores 
the tube. 
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4112. The method of claim 4103, wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. 

4113. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein tne overburden casing is disposed 
in an overburden of the formation. 



10 4114. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wKerein the overburden casing is disposed 
in an overburden of the formation, and wherein /he overburden casing comprise steel. 

4115. The method of claim 4103, further comprising coupling an overburden casing to 
15 at least one of the one or more open wellboces, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein the overburden casing is further disposed 
in cement. 

4116. The method of claim 4103, further comprising coupling an overburden casing to 
20 at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein a packing material is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 



4117. The method of claim 4103, further comprising coupling an overburden casing to 
25 at least one of the one or more opeh wellbores, wherein the overburden casing is disposed 
in an overburden of the formation/ and wherein the method further comprises inhibiting a 
flow of fluid between the at least/one of the one or more open wellbores and the 
overburden casing with a packing material. 

30 41 1 8. The method of claim 4103, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

V 
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4119. The method of claim 41 03, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

4120. The method of claim 4103, further comprising Controlling a pressure with the 
wellbore. 

4121. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the fo^nation with a valve coupled to at least 
one of the one or more heat sources. 

4122. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of t|(e formation with a valve coupled to a 
production well located in the formation. 

4123. The method of claim 4103, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



4 1 24. The method of claim 4103, Wherein providing heat from the one or more heat 
sources to at least the portion of forination comprises: 

heating a selected volume (w) of the coal formation from the one or more heat 
sources, wherein the formation hai an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some hydrocarbjbns within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

4125. The method of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferrim/heat substantially by 
conduction. 



Pa- 
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4126. The method of claim 4103, wherein providing hea/ from the one or more heat 
sources comprises heating the selected section such that A thermal conductivity of at least 
a portion of the selected section is greater than about 0/5 W/(m °C). 

4127. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abrfut 25°. 

4128. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4 1 29. The method of claim 4103, wherein? the produced mixture comprises non- 
condensable hydrocarbons, and wherein a/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



4130. The method of claim 4103, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



30 



4131. The method of claim 4103, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thah about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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4132. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

j.. 

5 4133. The method of claim 4103, wherein the produced r^iixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds/and wherein the oxygen 
containing compounds comprise phenols. / 



10 4134. The method of claim 4 1 03, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



m 

lit 
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4135. The method of claim 4103, wherein ihe produced mixture comprises condensable 
hydrocarbons, and wherein greater than atyout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4136. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



4137. The method of claim 4103, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thj£n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4138. The method of claim 41 0B, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4139. The method of claim 4 1 03, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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and wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



5 4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight 6f the produced mixture is ammonia. 



10 
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4141 . The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4142. The method of claim 410l/further comprising controlling a pressure within at 
least a majority of the selected section of the formation. 

4143. The method of claim/4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

4144. The method of claim 4103, further comprising controlling formation conditions 
such that the producer mixture comprises a partial pressure of H2 within the mixture 
greater than about OA bar. 



4145. The method/of claim 4144, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 



25 4146. Themethojd 
recirculating a poiftion 



of claim 4103, wherein controlling formation conditions comprises 
of hydrogen from the mixture into the formation. 



4147. The method of claim 4103, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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4148. The method of claim 4103, further comprising: 

providing hydrogen (Hb) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
5 I 

4149. The method of claim 4103, wherein the produced mixture/comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portionyof the produced hydrogen. 

10 4150. The method of claim 4103, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



111 

o 



4151. The method of claim 4103, wherein allowing me heat to transfer comprises 

15 substantially uniformly increasing a permeability of A majority of the selected section. 

4152. The method of claim 4103, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 4153. The method of claim 4103, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for the production well. 



4154. The method of claim 4103, further/comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a/unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4155. The method of claim 4 1 03 , fu: 
30 heat sources to at least a portion of th£ 
sources are located in the formation iti 



;her comprising providing heat from three or more 
formation, wherein three or more of the heat 
a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

41 56. The method of claim 4103, further comprising separating the produced mixture 
5 into a gas stream and a liquid stream. 

4157. The method of claim 41 03, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

10 

4158. The method of claim 4103, wherein the prodi/ced mixture comprises H 2 S, the 

O / 

■tp method further comprising separating a portion of the H2S from non-condensable 

.« 



m 



m 



hydrocarbons. 



4. 

a p 15 4159. The method of claim 4103, wherein the/produced mixture comprises CO2, the 



method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 



4160. The method of claim 4103, wherein the mixture is produced from a production 
O / 

20 well, wherein the heating is controlled spch that the mixture can be produced from the 

formation as a vapor. 

4161. The method of claim 4103, wherein the mixture is produced from a production 
well, the method further comprising Seating a wellbore of the production well to inhibit 

25 condensation of the mixture within me wellbore. 

4162. The method of claim 4103; wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 

30 with the heater element to produce the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H2. 
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4163. The method of claim 4103, wherein the selected section is heated to a minimum 
pyrolysis temperature of about 270 °C. 

5 4164. The method of claim 4103, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 

4165. The method of claim 4103, further comprising controlling pressure within the 
10 formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
^. wellhead of a production well, to control an amount of condensable hydrocarbons within 

if I the produced mixture, wherein the pressure is reduced to increase production of 

4 ¥5 / 

j"; condensable hydrocarbons, and wherein the pressure is increased to increase production 



M 15 

m 
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of non-condensable hydrocarbons. 



4166. The method of claim 4103, further comprising controlling pressure within the 

formation in a range from about atmospMeric pressure to about 100 bar, as measured at a 

/ 

III r wellhead of a production well, to control an API gravity of condensable hydrocarbons 
jf* within the produced mixture, wherein ihe pressure is reduced to decrease the API gravity, 

I* b 20 and wherein the pressure is increased' to reduce the API gravity. 

4167. A mixture produced from a/portion of a coal formation, the mixture comprising: 
an olefin content of less than about 1 0% by weight; and 

an average carbon numbe^ less than about 35. 

25 

4168. The mixture of claim 4]f67, further comprising an average carbon number less 
than about 30. 

4169. The mixture of claim /H67, further comprising an average carbon number less 
30 than about 25. 

4170. The mixture of claim 4167, further comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein;a weight ratio of the hydrocarbons leaving carbon numbers from 2 
through 4, to methane, in the mixture is greater thail approximately 1 . 
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4171 . The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when Calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 

10 less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. 

4172. The mixture of claim 4167, ft/rther comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

15 

4173. The mixture of claim 416#, further comprising condensable hydrocarbons, 
wherein an olefin content of the/condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is /ess than about 1 5 % by weight of the condensable 

20 hydrocarbons. 



25 



30 



4174. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein less than about y5 % by weight of the condensable hydrocarbons have a carbon 
number greater than abofat 25. 

4175. The mixture of claim 4174, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, wherein less 
than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen, and wherein less than about 1 % by weight, when calculated on 
an atomic basis, of tie condensable hydrocarbons is sulfur. 
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4176. The mixture of claim 4173, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



41 77. The mixture of claim 4167, further comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1; 

wherein the non-condensable hydrocarbons further comprise H 2 , wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H 2 ; and 
condensable hydrocarbons, comprising 

oxygenated hydrocarbons, wl/erein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises arbmatic compounds. 

41 78. The mixture of claim 41 67, further comprising: 

condensable hydrocarbons, \4ierein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable ^hydrocarbons further comprise: 

oxygenated hyd/ocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons/comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons ^omprises aromatic compounds; and 

non-condensable hydrocarbons comprising H 2 , wherein greater than about 15 % 
by weight of the non-condfensable hydrocarbons comprises H 2 . 

4 1 79. The mixture of cl^im 4 1 67, further comprising a condensable mixture, 
comprising: 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0.1 % by weight the condensable mixture 
comprises asphaltenes. 

4180. The mixture of claim 4179, further comprising, oxygenated hydrocarbons, 
wherein less than about 15 % by weight of the condensable mixture comprises 
oxygenated hydrocarbons; 
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4181. The mixture of claim 4 1 67, further comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 % by weight /o about 2 % by weight of the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less thin about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings. 

4 1 82. The mixture of claim 4 1 80, further comprising oxygenated hydrocarbons, wherein 
greater than about 25 % by weight of tl/e condensable mixture comprises oxygenated 
hydrocarbons. 

4183. The mixture of claim 4 1 67, iurther comprising: 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 

comprise H 2 , wherein greater thaf about 10 % by weight of the non-condensable 
hydrocarbons comprises H 2 ; 

ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 
ammonia; and 

hydrocarbons, whereii^ a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is/greater than about 0.4. 



30 41 84. A mixture produced 



from a portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4185. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % by wejght of the condensable hydrocarbons 
are olefins. 
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41 86. The mixture of claim 41 84, wherein a n/olar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/6.001 to about 0.15. 

4187. The mixture of claim 4 1 84, further/comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, When calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen.y 

41 88. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxvgen. 

4189. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight/to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. 

4 1 90. The mixture of cl Aim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about i % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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4191. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

4 1 92. The mixture of claim 4 1 84, further comprisin/condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

4 1 93 . The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 0.3 % by weight of/the condensable hydrocarbons are 
asphaltenes. 

4194. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise cycloalkanes. 

4195. The mixture of claim 4 1 84, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein tMe hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbon*;, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensaple hydrocarbons. 

4 1 96. The mixture of claifcn 4 1 84, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4 1 97. The mixture of cSlaim 4 1 84, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 

4198. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than abcfut 15 weight % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. 
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4199. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2,5 % by weight of the condensable hydrocarbons comprises olefins. 

4201. The mixture of claim 4184, further/comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of thd condensable hydrocarbons comprises oxygenated 
hydrocarbons. 



4202. The mixture of claim 4184/ further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condehsable hydrocarbons comprises H 2 . 

4203 . The mixture of claim k 1 84, further comprising non-condensable hydrocarbons, 
wherein the non-condensablfe hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non/condensable hydrocarbons comprises H 2 . 

4204. The mixture of claim 4 1 84, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atdms, to methane, is greater than about 0.3. 



4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, whetfein a weight ratio of hydrocarbons having carbon numbers from 2 

through 4, to methkne, is greater than approximately 1 ; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 

than about 5 %b4 weight of the condensable component comprises oxygenated 

hydrocarbons. 
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4206. The mixture of claim 4205, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. 



4207. The mixture of claim 4205, wherein a molar/fatio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00/1 to about 0.15. 

4208. The mixture of claim 4205, wherein lesfi than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205, wherein less than about 1 % by weight, when 



Q 

jll calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 



42 1 0. The mixture of claim 4205, whferein less than about 1 % by weight, when 
15 calculated on an atomic basis, of the Condensable hydrocarbons is sulfur. 

42 1 1 . The mixture of claim 4205 /wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

20 

4212. The mixture of claim 4i05, wherein greater than about 20 % by weight of the 
condensable hydrocarbons aref aromatic compounds. 

4213. The mixture of claim/4205, wherein less than about 5 % by weight of the 
25 condensable hydrocarbons domprises multi-ring aromatics with more than two rings. 

4214. The mixture of claiiii 4205, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons fare asphaltenes. 

30 42 1 5. The mixture of claihi 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 
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4216. The mixture of claim 4205, wherein the non-condensable hydrocarbons comprises 

hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 

/ 

condensable hydrocarbons, and wherein the hydrogen i^ less than about 80 % by volume 
5 of the non-condensable hydrocarbons. 

4217. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight 6f the produced mixture is ammonia. 

10 421 8. The mixture of claim 4205, wherein the/produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4219. The mixture of claim 4205, whereirt less than about 5 weight % of the 
^ condensable hydrocarbons in the mixtureyhave a carbon number greater than 
4* 15 approximately 25. 

jus. 
Si 

s S3: i / 

4220. The mixture of claim 4205, wherein the condensable hydrocarbons further 
l|j comprise olefins, and wherein about/0.1 % to about 5 % by weight of the condensable 
]tl hydrocarbons comprises olefins. 

b h 20 

4221. The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 



25 4222. The mixture of clairn/4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greater than about 5 % by weight of the mixture comprises H 2 . 

4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greater than about 15 % by weight of the mixture comprises H 2 . 
30 ' 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

f. 

4225. A mixture produced from a portion of a coal for/nation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; 

wherein less than about 1 % by weight, \yken calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen;^ 

wherein less than about 1 % by weighty when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 

4226. The mixture of claim 4225, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4227. The mixture of claim 4225, Wherein less than about 5 weight % of the 
condensable hydrocarbons have a c/arbon number greater than approximately 25. 

4228. The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 

4229. The mixture of clainy4225, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rknges from about 0.001 to about 0.15. 



4230. The mixture of claiU 4225, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4232. The mixture of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromarics with more than two rings. 

4233. The mixture of claim 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

4234. The mixture of claim 4225, wherein aj/out 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are/cycloalkanes, 

4235. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen isygreater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4236. The mixture of claim 4225/ further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons,/and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4239. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
H 2 , and wherein greater/than about 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 
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4240. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
H 2 > and wherein greater than about 1 5 % by weight of the mixture comprises H 2 . 

A 

4241. The mixture of claim 4225, wherein a weight ratio of/hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than aboi/t 0.3. 



10 
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4242. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbon/ having carbon numbers from 2 

through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 °/f by weight of the mixture comprises 

ammonia; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 



20 



4243. The mixture of claim 4242, whereirf the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 Vj by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



4244. The mixture of claim 4242, whe/ein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4245. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



V 
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4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



5 4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, ^when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4248. The mixture of claim 4242, wherein the condensable hydrocarbons further 
10 comprise oxygen containing compounds, wherein aboilit 5 % by weight to about 30 % by 
q weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

%l wherein the oxygen containing compounds compr/se phenols. 

*K 

p 4249. The mixture of claim 4242, wherein the^condensable hydrocarbons further 

15 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic com/pounds. 



HI 4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 

41- I 

Q comprise multi-aromatic rings, and wherein less than about 5 % by weight of the 

**" 20 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

425 1 . The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes, and whereinyless than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

4252. The mixture of claim 42^2, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are/cycloalkanes. 

30 4253. The mixture of claim/4242, wherein the non-condensable hydrocarbons further 
comprise hydrogen, whereinf the hydrogen is greater than about 10 % by volume of the 



819 



Coniey, Rose & Tayon, P C 



non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4254. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 
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4255. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4256. The mixture of claim 4242, wherein thfe condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 

4257. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater thaft about 5 % by weight of the mixture comprises H 2 . 

4258. The mixture of claim 4242/ wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 15 % by weight of the mixture comprises 
H 2 . 



25 



4259. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons havihg carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having caybon numbers greater than 2, to methane, is greater than about 
0.3. 



30 



4260. A mixture produced from a portion of a coal formation, the mixture comprising: 

non-condensablfe hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, whereWa weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane! is greater than approximately 1 ; and 
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condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 

4261 . The mixture of claim 4260, wherein the non-condeii^able hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio xSf ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



10 



4262. The mixture of claim 4260, wherein the Condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbqns is nitrogen. 
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4263. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less tharf about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture of claim 4260/wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less/than about 1 % by weight, when calculated on an 
atomic basis, of the condensable* hydrocarbons is sulfur. 

4265. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen containing Compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



25 4266. The mixture of claftm 4260, wherein the condensable hydrocarbons further 

comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4267. The mixture of c 
30 comprise multi-ring arorfratics 
condensable hydrocarbo 



aim 4260, wherein the condensable hydrocarbons further 

, and wherein less than about 5 % by weight of the 
s comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4269. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by wejght to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4270. The mixture of claim 4260, wherein the ^on-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen/is greater than about 10 % by volume of 
the non-condensable hydrocarbons and wher/in the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbahs. 



4271 . The mixture of claim 4260, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 

4272. The mixture of claim 4260,/wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about 15 %jby weight of the hydrocarbons have a carbon number 
greater than approximately : 

4274. The mixture of claim 4260, wherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefins. 



4275. The mixture of cHim 
condensable component 



4260, wherein about 0.1% to about 2 % by weight of the 
Comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons farther 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

/ 

4277. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenateja hydrocarbons. 

10 4278. The mixture of claim 4260, wherein thi non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about/5 % by weight of the non-condensable 
hydrocarbons comprises H2. 

4279. The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
15 comprise H 2? and wherein greater than ^bout 1 5 % by weight of the non-condensable 

hydrocarbons comprises H2. 

4280. The mixture of claim 4260, therein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methfane, is greater than about 0.3. 

20 

428 1 . A mixture produced fronV a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 weight % of the 

condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensate hydrocarbons comprise oxygenated hydrocarbons, and 
25 wherein greater than about 5 f/o by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 



30 



4282. The mixture of clairfi 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 



823 



Conley, Rose & Tayon, P C. 



■ Ink 



10 



4283. The mixture of claim 4281 , wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4284. The mixture of claim 4281 , further comprising nc/n-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-cofrdensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

4285. The mixture of claim 428 1 , wherein the c/ndensable hydrocarbons further 
comprise nitrogen, and wherein less than about A % by weight, when calculated on an 



'*/ atomic basis, of the condensable hydrocarbon^ is nitrogen. 



4286. The mixture of claim 428 1 , wherein/the condensable hydrocarbons further 
15 comprise oxygen, and wherein less than ah/out 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



y 4287. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 

comprise sulfur, and wherein less than/about 1 % by weight, when calculated on an 
20 atomic basis, of the condensable hydrbcarbons is sulfur. 

4288. The mixture of claim 4281, therein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

25 wherein the oxygen containing compounds comprise phenols. 

4289. The mixture of claim 428 if, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

30 
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4290. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4291 . The mixture of claim 4281 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



m 



m 

Si 
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4292. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by yfeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4293. The mixture of claim 4281 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons (Comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by voldme of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about Sp % by volume of the non-condensable 
hydrocarbons. 



4294, The mixture of claim 4281, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the produced mixture is ammonia. 



15 



4295. The mixture of claim 428 y, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 



30 



4296. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and whereM less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 



4297. The mixture of claim 
comprises olefins, and 
hydrocarbons comprises olefins. 



4281, wherein the condensable hydrocarbons further 
wherjbin about 0.1 % to about 5 % by weight of the condensable 
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4298. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. !\ 



/ 



4299. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the/oxygenated hydrocarbon. 



10 



m 



m 
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15 



20 



25 



4300. The mixture of claim 4281, furthe/ comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , wherein greater than about 5 % 
by weight of the non-condensable hyd/ocarbons comprises H2. 

4301 . The mixture of claim 4281 , nirther comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , wherein greater than about 15 
% by weight of the non-condensable hydrocarbons comprises H 2 . 

4302. The mixture of claim 4281, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4303. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 % by weight of the 

condensable hydrocarbons/have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 



wherein less than 



calculated on an atomic basis, is oxygen; and 



wherein less than 



calculated on an atomic ?asis, is sulfur. 



30 



about 1 % by weight of the condensable hydrocarbons, when 



about 1 % by weight of the condensable hydrocarbons, when 
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4304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4305. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 4306. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane ip the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 



^ 4307. The mixture of claim 4303, whereirythe condensable hydrocarbons further 

|~ 15 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

IB / 

1; weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

W wherein the oxygen containing compounds comprise phenols. 



jjtj 4308. The mixture of claim 4303, wherein the condensable hydrocarbons further 

H 20 comprise aromatic compounds, and Wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4309. The mixture of claim 4303,/wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, ana wherein less than about 5 % by weight of the 

25 condensable hydrocarbons composes multi-ring aromatics with more than two rings. 

43 10. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 



30 



hydrocarbons are asphaltenes. 
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43 1 1 . The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

43 12. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % \fy volume of the non-condensable 
component comprises hydrogen. 
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10 4313. The mixture of claim 4303, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mimure is ammonia. 

43 14. The mixture of claim 4303, further con/prising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



15 



20 



43 1 5. The mixture of claim 4303, wherein/the condensable component further 
comprises olefins, and wherein about 0.1 °sfo to about 5 % by weight of the condensable 
component comprises olefins. 

43 16. The mixture of claim 4303, wherein the condensable component further 
comprises olefins, and wherein about (J A % to about 2.5 % by weight of the condensable 
component comprises olefins. 



43 1 7. The mixture of claim 4303, wherein the condensable hydrocarbons further 
25 comprise oxygenated hydrocarbons/ and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



30 



43 1 8. The mixture of claim 4303 
wherein the non-condensable hydr 
5 % by weight of tfie non-< 



further comprising non-condensable hydrocarbons, 
ocarbons comprise Hfe, and wherein greater than about 
condensable hydrocarbons comprises H 2 . 



828 



Conley, Rose & Tayon, P C. 



4319. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hb, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H 2 . 

/ 

! 

5 4320. The mixture of claim 4303, further comprisingjnon-condensable hydrocarbons 
wherein a weight ratio of compounds within the non-cpndensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than about 0,3. 

4321 . A mixture produced from a portion of a coal formation, comprising: 
10 condensable hydrocarbons, wherein lesythan about 15 % by weight of the 

condensable hydrocarbons have a carbon number greater than 20; and 
ill wherein the condensable hydrocarbons comprise olefins, wherein an olefin 

I'gl content of the condensable component is le/s than about 1 0 % by weight of the 

S Z condensable component. 



4322. The mixture of claim 4321, furtMer comprising non-condensable hydrocarbons, 

wherein the non-condensable hydrocatioons comprise hydrocarbons having carbon 
^ / 
111 numbers of less than 5, and wherein af weight ratio of hydrocarbons having carbon 

£1 I 

j£J numbers from 2 through 4, to methane, is greater than approximately 1 . 

i sk 20 

4323. The mixture of claim 4321 Jwherein the condensable hydrocarbons further 
comprise olefins, and wherein abmit 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

25 4324. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

4325. The mixture of claim 4321, wherein the condensable hydrocarbons further 
30 comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 



atomic basis, of the condens; 



)le hydrocarbons is nitrogen. 
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4326. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4327. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



O 
IX) 



ill 

ijpst 

O 

H 1 



10 4328. The mixture of claim 4321, wherein the/condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and whereir/ the oxygen containing compounds comprise 
phenols. 

15 4329. The mixture of claim 4321, wherein the condensable hydrocarbons further 

comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4330. The mixture of claim 4321/ wherein the condensable hydrocarbons further 
20 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



433 1 . The mixture of claim 4H2 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes 



30 



4332. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and/ wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons 



ire cycloalkanes. 
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4333. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. ^ 

4334. The mixture of claim 4321, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4335. The mixture of claim 4321, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4336. The mixture of claim 4321, wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. / 

4337. The mixture of claim 4321, wherein about 0.1 % to about 2 % by weight of the 
condensable component comprises olefins. / 

4338. The mixture of claim 4321, where/n the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4339. The mixture of claim 4321, wtterein the condensable component further 
comprises oxygenated hydrocarbonsyand wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4340. The mixture of claim 4321 , /further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4341 . The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



4342. The mixture of claim 4321, further comprising non-cpndensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



10 



4= 



4343. A mixture produced from a portion of a coaVTormation, comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensable hydrocarbon^ further comprise aromatic compounds, 
wherein more than about 20 % by weight of/the condensable hydrocarbons comprises 
aromatic compounds. 



jlj 4344. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 

i; / 

^ wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 

M 20 numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 



25 



4345. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 



4346. The mixture of claim 43^3, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene fo ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



832 



Conley, Rose & Tayon, P C 



4347. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. I 

4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4349. The mixture of claim 4343, wherein the condensable hydrocarbons further 
10 comprise sulfur, and wherein less than about 1 %/by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4350. The mixture of claim 4343, wherein the condensable hydrocarbons further 



I** comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 



/ 

s p 15 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

m . I 

wherein the oxygen containing compounds comprise phenols. 



m 4351. The mixture of claim 4343, wherein the condensable hydrocarbons further 

r ... / 

comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
l«* 20 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4352. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 



25 



hydrocarbons are asphaltenes. 



4353. The mixture of claim 434!j, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4354. The mixtureof claim 43j43, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
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hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. , . 



/ 



4355. The mixture of claim 4343, further comprispg ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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10 4357. The mixture of claim 4343, whereifi the condensable hydrocarbons further 

comprise olefins, and wherein about 0.1 to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4358. The mixture of claim 4343, vynerein the condensable hydrocarbons further 
15 comprises olefins, and wherein aboyt 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 



4359. The mixture of claim 434G, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
M 20 the condensable hydrocarbons comprises multi-ring aromatic compounds. 



25 



4360. The mixture of claim #343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4361. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons J and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 
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4362. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4363. The mixture of claim 4343, further comprising ndn-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise K 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbon/ comprises H 2 . 

4364. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4365. A mixture produced from a portion/of a coal formation, comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ra/io of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H 2 , wherein greater 
than about 15 % by weight of the non/condensable hydrocarbons comprises H 2 ; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein lesfe than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4366. The mixture of claim 43165, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, anil wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons randes from about 0.001 to about 0.15. 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen./ 

4368. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by /weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



m 



4369. The mixture of claim 4365, wherein the condensable hydrocarbons further 
10 comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 

atomic basis, of the condensable hydrocarbons is sulfur. 

4370. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

15 weight of the condensable hydrocarbons/comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



Ill 

a 
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4371. The mixture of claim 4365, Wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/ aromatics with more than two rings. 



25 



4372. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein less thkn about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4373. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



\ 
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4374. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 

4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 




10 

4377. The mixture of claim 4365, wherein thfe condensable hydrocarbons further 

O / 

\Q comprise hydrocarbons having a carbon number of greater than approximately 25, 

tSi / 

J: wherein less than about 15 % by weight oj/the hydrocarbons have a carbon number 

greater than approximately 25. 



4378. The mixture of claim 4365, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4379. The mixture of claim 4365/wherein about 0. 1 % to about 2 % by weight of the 
20 condensable hydrocarbons comprises olefins. 

4380. The mixture of claim 43/65, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

25 438 1 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 



43 82. A mixture producec 



from a portion of a coal formation, comprising: 
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condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; r i 

wherein the condensable hydrocarbons further comprise: 
5 oxygenated hydrocarbons, wherein greater than about 5 % by weight of 

the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 %py weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greatfer than about 30 % by weight of the 
10 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising Hb, wherein greater than about 1 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4383. The mixture of claim 4382, wherein tne non-condensable hydrocarbons further 
15 comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 

ratio of hydrocarbons having carbon numbers from 2 through 4, to methane, is greater 
than approximately 1 . 

4384. The mixture of claim 4382, wherein the non-condensable hydrocarbons comprise 
20 ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 

hydrocarbons ranges from about 0,001 to about 0.15. 



25 



4385. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



30 



4386. The mixture of claim 4382, 
comprise oxygen, and wherein less 
atomic basis, of the condensable hyd: 



herein the condensable hydrocarbons further 
1 han about 1 % by weight, when calculated on an 
rocarbons is oxygen. 
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4387. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. / 

4388. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about/5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxyeen containing compounds, and 
wherein the oxygen containing compounds comprise/phenols. 

4389. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less/than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4390. The mixture of claim 4382, wherein/the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4391 . The mixture of claim 4382, wtterein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4392. The mixture of claim 4382, wherein greater than about 10 % by volume and less 
than about 80 % by volume of tme non-condensable hydrocarbons is hydrogen. 

4393. The mixture of claim 
than about 0.05 % by weight 

4394. The mixture of claim 4382, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



$82, further comprising ammonia, and wherein greater 
f>f the produced mixture is ammonia. 
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4395. The mixture of claim 4382, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

/ 

4396. The mixture of claim 4382, wherein about 0.1 to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 



m 



Hi 



10 



15 



20 



4397. The mixture of claim 4382, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater man about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4398. The mixture of claim 4382, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and whefein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 %hv weight to about 15 % by weight of the 

condensable mixture comprises olefins; 

oxygenated hydrocarbons, vyherein less than about 15 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 

asphaltenes, wherein less pan about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 



25 



4400. The mixture of claim 4099, wherein the condensable mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 1 5 weight % of tjiie hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



4401. The mixture of dim 4399, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 



30 



840 



Conley, Rose & Tayon, P C. 



4402. The mixture of claim 4399, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethWie in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. / 



4403. The mixture of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, wjaen calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

10 4404. The mixture of claim 4399, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
\P of the condensable mixture is oxygen. 

f 

4405. The mixture of claim 4399, wherein the condensable mixture further comprises 
4: I 

,J; 15 sulfur, and wherein less than about 1 % by yeight, when calculated on an atomic basis, of 

3: 

O 



the condensable mixture is sulfur. 



4406. The mixture of claim 4399, wherein the condensable mixture further comprises 

*|* oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 

Ipi / 

M 20 the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4407. The mixture of claim 4399,/wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 

25 mixture are aromatic compounds/ 

4408. The mixture of claim 43^9, wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4409. The mixture of claim 4399, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 

4410. The mixture of claim 4399, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than /bout 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 1 . The mixture of claim 4399, further (comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



4412. The mixture of claim 4399, fyfther comprising ammonia, and wherein the 
15 ammonia is used to produce fertilizer. 

4413. The mixture of claim 4399, wherein about 0.1 % by weight to about 2 % by 
weight of the condensable mixmre comprises olefins. 

20 4414. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 
25 oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 

condensable mixture comprises oxygenated hydrocarbons. 



30 



44 1 5 . The mixture o 
number of greater 
hydrocarbons in the 



claim 4414, further comprising hydrocarbons having a carbon 
approximately 25, wherein less than about 5 weight % of the 
njiixture have a carbon number greater than approximately 25. 



than 
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4416. The mixture of claim 4414, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. ; 

5 4417. The mixture of claim 4414, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, wh^n calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4418. The mixture of claim 4414, wherein the condensable mixture further comprises 
10 sulfur, and wherein less than about 1 % by weight/ when calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 

O 

^ 4419. The mixture of claim 4414, wherein the condensable mixture further comprises 

H oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
-P / 

3 p 15 the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise jjhenols. 

M 

I'l l 4420. The mixture of claim 4414, wherein the condensable mixture further comprises 

■f I aromatic compounds, and wherein greater than about 20 % by weight of the condensable 

20 mixture are aromatic compounds. 

442 1 . The mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asnhaltenes. 



25 



4422. The mixture of claim 44M, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4423. The mixture' of claim 
about 0.05 % by weight of the 



'414, further comprising ammonia, wherein greater than 
produced mixture is ammonia. 
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4424. The mixture of claim 4414, further comprising afrimonia, wherein the ammonia is 
used to produce fertilizer. J 



10 



4425. A mixture produced from a portion of a coal formation, comprising: 

non-condensable hydrocarbons and H2, wherein greater than about 1 0 % by 

volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater/than about 0.5 % by weight of the mixture 

comprises ammonia; and 

condensable hydrocarbons. 



ill 
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ill 
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4426. The mixture of claim 4425, whferein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon /lumbers from 2 through 4, to methane, in the mixture 
is greater than approximately 1 . 

4427. The mixture of claim 44^5, wherein greater than about 0. 1 % by weight of the 
condensable hydrocarbons, and wherein less than about 15% by weight of the 
condensable hydrocarbons are olefins. 

4428. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise ethene and ethanp, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4429. The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 



4430. The mixture of claim 4425, wherein less than about 1 % by weight, when 
30 calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 



4432. The mixture of claim 4425, wherein about 5f% by weight to about 30 % by 
5 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



m 
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4433. The mixture of claim 4425, wherein g/eater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4434. The mixture of claim 4425, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4435. The mixture of claim 4425, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4436. The mixture of claim 4425, Wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 



fa 20 4437. The mixture of claim 4425, wherein the H 2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4438. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 



25 



4439. The mixture of claim/4425, wherein the ammonia is used to produce fertilizer. 



30 



4440. The mixture of clahAi 4425, wherein less than about 5 % of the condensable 
hydrocarbons have carbon/numbers greater than 25. 
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4441 . The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 1 5 % by weight of t}ie condensable hydrocarbons 
comprise olefins. 



5>a 
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4442. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of tne condensable hydrocarbons comprise 
olefins, and wherein less than about 1 0 % by weight of the condensable hydrocarbons 
comprise olefins. 

4443. The mixture of claim 4425, wherein/the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



15 4444. *The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4445, A method of treating a coal formation in situ comprising providing heat from 
three or more heat sources to at leasjc a portion of the formation, wherein three or more of 
20 the heat sources are located in the fibrmation in a unit of heat sources, and wherein the 
unit of heat sources comprises a triangular pattern. 



25 
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4446. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of /the units, and wherein the plurality of units are repeated 
over an area of the formation to (form a repetitive pattern of units. 

4447, The method of claim 44W5, wherein three or more of the heat sources are located 



in the formation in a plurality c 



sources in the repetitive patter l 
less than approximately 5. 

\ 



f the units, wherein the plurality of units are repeated over 



an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 



of units to production wells in the repetitive pattern is 
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4448. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of uhits, wherein three or more 
production wells are located within an area defined by me plurality of units, wherein the 
three or more production wells are located in the fonrmtion in a unit of production wells, 
and wherein the unit of production wells comprisesA triangular pattern. 



ill 
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4449. The method of claim 4445, wherein threp or more of the heat sources are located 
10 in the formation in a plurality of the units, wherein the plurality of units are repeated over 

an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located m the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 

15 

4450. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of theAmits, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 

20 the plurality of units, wherein the three or more production wells are located in the 

formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and' wherein the first triangular pattern is substantially different 

25 than the second triangular pattern. 



445 1 . The method of clairrj 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 



an area of the formation to 



form a repetitive pattern of units, wherein three or more 



30 monitoring wells are located within an area defined by the plurality of units, wherein the 
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three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 

4452. The method of claim 4445, wherein a production weljl is located in an area 
5 defined by the unit of heat sources. 

4453. The method of claim 4445, wherein three or more/of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 



10 



o 

M 20 



4454. The method of claim 4445, wherein a distance between each of the heat sources in 



,jp the unit of heat sources varies by less than about 20/%. 

m 

H 4455. The method of claim 4445, wherein a distance between each of the heat sources in 
j: 15 the unit of heat sources is approximately equal. 

w . ■ 

Q 4456, The method of claim 4445, wherein providing heat from three or more heat 
-S . / 

y{i sources comprises substantially uniformly providing heat to at least the portion of the 



formation. 

4457. The method of claim 4445, wherein tpe heated portion comprises a substantially 
uniform temperature distribution. 



4458. The method of claim 4445, wherein/ the heated portion comprises a substantially 
25 uniform temperature distribution, and wherein a difference between a highest temperature 

in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. 

4459. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
30 the triangular pattern and a temperature eta center of the triangular pattern are 

approximately equal. 
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4460. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wheijbin the initial period of time 
comprises less than approximately 3 months. 

4461 . The method of claim 4445, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portion to the selected temperature with/a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in the triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 

4462. The method of claim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated portioryto the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal tp a space between each of the heat sources in 
the hexagonal pattern. 

4463. The method of claim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heatecy portion to the selected temperature with a hexagonal 
pattern of heat sources, and whereinf a number of heat sources per unit area in the 
triangular pattern is equal to the nupiber of heat sources per unit are in the hexagonal 
pattern of heat sources. 

4464. The method of claim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than 3/space between each of the heat 
sources in the hexagonal pattern. 



*0 
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4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from three or more of the heat 
10 sources, wherein the formation has an average heat capacity (C v ), and wherein heatjrom 
three or more of the heat sources pyrolyz^ at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating Energy/day, h is an average heating rate of the 
formation, p B is formation bulk depsity, and wherein the heating rate is less than about 
10°C/day. 

20 4466. The method of claim 4^45, wherein three or more of the heat sources comprise 
electrical heaters. 



25 



4467. The method of clairry 4445, wherein three or more of the heat sources comprise 
surface burners. 

4468. The method of clajfm 4445, wherein three or more of the heat sources comprise 
flameless distributed combustors. 



4469. The method of claim 4445, wherein three or more of the heat sources comprise 
30 natural distributed combustors. 
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4470. The method of claim 4445, further comprising: 

allowing the heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
5 producing a mixture of fluids from the formation. 

4471 . The method of claim 4470, further comn/ising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or thfe temperature is controlled as a function of 

10 pressure. 

4472. The method of claim 4470, further comprising controlling the heat such that an 
average heating rate of the selected sec/tion is less than about 1 .0° C per day during 
pyrolysis. 

15 

4473 . The method of claim 4470,/wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. 

20 4474. The method of claim 4470, wherein providing heat from three or more of the heat 
sources to at least the portion jf the formation comprises heating the selected section 
such that a thermal conductivity of at least a portion of the selected section is greater than 
about 0.5 W/m °C. 

25 4475 . The method of clainj 4470, wherein the produced mixture comprises an API 
gravity of at least 25°. 

4476. The method of claifn 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
30 condensable hydrocarbons are olefins 
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4477. The method of claim 4470, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ether^p to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4478. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigfyi, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



*0 
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4479. The method of claim 4470, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by jweight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen J 

4480. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

4481 . The method of claim 4470, wherein/the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols 



25 



4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thap about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 

4483. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring kromatics with more than two rings. 



852 



Con ley, Rose & Tayon, PC. 



4484. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 

4485. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abou)/30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



Q 
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4486. The method of claim 4470, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10v% by volume of the non-condensable 
component, and wherein the hydrogen is les/ than about 80 % by volume of the non- 
condensable component. 



m 



15 4487. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %py weight of the produced mixture is ammonia. 



Ill 
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4488. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used ta produce fertilizer. 

4489. The method of claim 4470, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H 2 within 
the mixture is greater than about 2.0 bar absolute. 



25 4490. The method of claim 4470, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



4491 . The method of claim 4470, further comprising controlling formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 
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4492. The method of claim 4470, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and | 

heating a portion of the section with heat from hydrogeyiation. 

4493. The method of claim 4470, further comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

4494. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section pf the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

15 4495. The method of claim 4470, wherein/allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises substantially 
uniformly increasing a permeability of a/majority of the selected section. 



10 



O 4496. The method of claim 4470, further comprising controlling the heat from three of 

20 more heat sources to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 

4497. The method of claim 4470, wherein producing the mixture comprises producing 
the mixture in a production well/ and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

4498. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

30 sources comprises a triangular pattern. 
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4499. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three^r more of the heat 
sources are located in the formation in a unit of heat sources, wVierein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



U.J. 
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4500. A method for in situ production of synthesis gas /rom a coal formation, 
comprising: 

heating a section of the formation to a temperature sufficient to allow synthesis 
10 gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 

and 

15 removing synthesis gas from the formation. 



!T3 
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4501 . The method of claim 4500, wherein the permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. 

4502. The method of claim 4500, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4503. The method of claim 45Q0, further comprising heating the section when providing 
25 the synthesis gas generating fluid to inhibit temperature decrease in the section due to 
synthesis gas generation. / 



4504. The method of claim 
oxidizing fluid into a portion 



4500, wherein heating the section comprises convecting an 
of the section, wherein the temperature within the section is 



30 above a temperature sufficient to support oxidation of carbon within the section with the 
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oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section. 

4505. The method of claim 4504, wherein the oxidizing fluid comprises air. 
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4506. The method of claim 4505, wherein an amount of the/oxidizing fluid convected 
into the section is configured to inhibit formation of oxides/1 of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 

4507. The method of claim 4500, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbo/es within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 



W 
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15 4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, wherein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
20 section comprises introducing steam into /he section to heat the formation and to generate 
synthesis gas. 



25 



45 1 0. The method of claim 4500, further comprising controlling the heating of the 
section and provision of the synthesis /gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 



30 



45 1 1 . The method of claim 4500, further comprising: 

monitoring a composition of the produced synthesis gas; and 
controlling heating of the section and provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 



\ 
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45 12. The method of claim 45 1 1 , wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. 

4513. The method of claim 4500, wherein the synthesis gps generating fluid comprises 
5 liquid water. 

4514. The method of claim 4500, wherein the synthesis/ gas generating fluid comprises 
steam. 

10 4515. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the section. 



45 1 6. The method of claim 45 1 5, wherein a portion of the carbon dioxide within the 

/ 

15 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4517. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
p formation to generate carbon monoxide. 
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45 1 8. The method of claim 45 1 7, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises^carbon dioxide removed from the formation. 



4519. The method of claim 4500, wherein providing the synthesis gas generating fluid 
25 to the section comprises raising a water table of the formation to allow water to flow into 
the section. 



4520. The method of claim 4500, /wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
30 to a synthesis gas producing zone operates at a substantially constant temperature to 
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promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 

4521. The method of claim 4520, wherein the substantial^ constant temperature is 
about 700 °C, and wherein the selected composition has a/H 2 to CO ratio of about 2:1. 

4522. The method of claim 4500, wherein the syntheses gas generating fluid comprises 
water and hydrocarbons having carbon numbers less /than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H 2 
concentration of the generated synthesis gas. / 

4523. The method of claim 4500, wherein thef synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbfers greater than 4, and wherein at least a 
portion of the hydrocarbons react within Xhd section to increase an energy content of the 
synthesis gas removed from the formation/ 

4524. The method of claim 4500, furtMer comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4525. The method of claim 4500/further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4526. The method of claim 45j00, further comprising generating electricity from the 
synthesis gas using a fuel cellJseparating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4500, further comprising using a portion of the synthesis gas 
the formation. 



4527. The method of claim 
as a combustion fuel to heat 
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4528. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

5 4529. The method of claim 4500, further comprising/converting at least a portion of the 
produced synthesis gas to methanol 
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4530. The method of claim 4500, further composing converting at least a portion of the 
produced synthesis gas to gasoline. 

453 1 . The method of claim 4500, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic Aiethanation process. 

4532. The method of claim 4500, furthfer comprising providing heat from three or more 
heat sources to at least a portion of tha formation, wherein three or more of the heat 
sources are located in the formation j/i a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattef 

4533. The method of claim 450y, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formationAo form a repetitive pattern of units. 



25 4534. A method of treating a coal formation in situ, comprising: 

providing heat frorp one or more heat sources to at least a portion of the 
formation; 

allowing the heat |o transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase a temperature of the 
30 portion to a temperature sufficient to allow synthesis gas generation; 



\ 
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providing a synthesis gas generating fluid to at least the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and 
5 producing synthesis gas from the formation. 

4535. The method of claim 4534, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °C/to about 1200 °C. 

10 4536. The method of claim 4534, further comprising using a second portion of the 
i*\ separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 

% y coal formation. 



ffl 



4537. The method of claim 4536, wherein the coal formation is a deep coal formation 
15 over 760 m below ground surface. 



Hi 

tl 4538. The method of claim 4536, wherein the coal formation adsorbs some of the 
T / 

Hj carbon dioxide to sequester the carbon dioxide. 

20 4539. The method of claim 4534/further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4540. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having/ carbon numbers less than 5, and wherein at least a 

25 portion of the hydrocarbons un'dergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 

4541 . The method of claim #534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 



30 portion of the hydrocarbons 



r eact within the selected section to increase an energy 



content of the produced synthesis gas. 
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4542. The method of claim 4534, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing p^6duced synthesis gas through a 
turbine to generate electricity. 

4543. The method of claim 4534, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4544. The method of claim 4534, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbcjA dioxide within a spent portion of the 
formation. 

4545. The method of claim 4534, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4546. The method of claim 4534/further comprising converting at least a portion of the 
produced synthesis gas to conder^able hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4547. The method of claim 4^534, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 



4548. The method of claim 4534, further comprising converting at least a portion of the 
25 produced synthesis gas to/gasoline. 



4549. The method of claim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

455 1 . The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater thafn approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 
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4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximately 2. 

4553. The method of claim 4534, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. 

4554. The method of claim 4534, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 



4555. The method of claim 4534/ wherein a heat source of the one or more heat sources 
20 comprises a flameless distributor/combustor (FDC) heater, and wherein fluids are 

produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 

4556. The method of claim ^534, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangmar pattern. 



4557. The method of claim 4534, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4558. A method of in situ synthesis gas production!, comprising: 
5 providing heat from one or more flamel^s distributed combustor heaters to at 

least a first portion of a coal formation; 

allowing the heat to transfer from the 7 one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
10 section to a temperature sufficient to generate synthesis gas; 
p introducing a synthesis gas producing fluid into the selected section to generate 

jE; synthesis gas; and / 

III i : 

4* removing synthesis gas from the formation. 

h* / 

j|j 15 4559. The method of claim 4558, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 



irL ■ 



20 4560. The method of claim 4558, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced ^ynthesis gas through a turbine. 

4561 . The method of claim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected section to the 

temperature sufficient to generate synthesis gas. 

4562. The method ofjclaim 4558, further comprising separating a portion of carbon 

I 

dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
30 portion of the formation. 
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4563. The method of claim 4558, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. / ' 



4564. The method of claim 4558, further comprising separating a portion of H 2 from the 
removed synthesis gas; and using a portion of ^ne separated H2 as fuel for the one or more 
heaters. 

4565. The method of claim 4564, further/comprising using a portion of exhaust products 
from one or more heaters as a portion of/the synthesis gas producing fluid 

4566. The method of claim 4558, further comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

4567. The method of claim 4566/ wherein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4568. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 

4569. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon dioxide produced by the fuel cell. 



4570. The method of claim 4558, further comprising using a portion of the removed 
synthesis gas as a feed product for formation of hydrocarbons. 
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4571. The method of claim 4558, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 

A 

/; 

5 4572. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit o0ieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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10 4573. The method of claim 4558, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to forrja a repetitive pattern of units. 

15 

4574. A method of treating a coal formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 

temperature sufficient to pyrolVze hydrocarbons within the portion; 
producing pyrolyzation fluid from the formation; 
20 separating a fuel cell feed stream from the pyrolyzation fluid; and 

directing the fuel ceM feed stream to a fuel cell to produce electricity; 



4575. The method of claim 4574, wherein the fuel cell is a molten carbonate fuel cell. 



25 4576. The method of cyaim 4574, wherein the fuel cell is a solid oxide fuel cell. 



4577. The method of claim 4574, further comprising using a portion of the produced 
electricity to power the electrical heaters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portionA 

4579. The method of claim 4574, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less thin 5. 

4580. The method of claim 4574, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. 

4581 . The method of claim 4574, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4582. The method of claim 4574, wherein the hydrogenation is done in situ by directing 
the H 2 into the formation. / 

4583. The method of claim 4574, wherein the hydrogenation is done in a surface unit. 

4584. The method of claim 4574, further comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons/to produce H2, and producing a portion of the hydrogen from 
the formation. / 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 
adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4586. The method of claim 4574, further comprising storing C0 2 from the fuel cell 
within the formation. / 
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4587. The method of claim 4586, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

A 

4588. The method of claim 4574, further comprising cooling the portion to form a spent 
5 portion of formation. 

4589. The method of claim 4588, wherein cooling the portion comprises introducing 
water into the portion to produce steam, ancy removing steam from the formation. 
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10 4590. The method of claim 4589, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4591. The method of claim 4589, further comprising using a portion of the removed 
steam as a synthesis gas producing f^iiid in a second portion of the formation. 

15 

4592. The method of claim 4574,/further comprising: 
heating the portion to a temperature sufficient to support generation of synthesis 

gas after production of the pyrolwation fluids; 

introducing a synthesis §as producing fluid into the portion to generate synthesis 
20 gas; and 

removing a portion of the synthesis gas from the formation. 



4593. The method of claim 4592, further comprising producing the synthesis gas from 
the formation under pressure' and generating electricity from the produced synthesis gas 

25 by passing the produced synthesis gas through a turbine. 

4594. The method of claim 4592, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 



30 4595. The method of clai 
the fuel cell, and using tlu 



m 4592, further comprising producing steam from operation of 
steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. / 

4597. The method of claim 4592, further comprising using a portion of the synthesis gas 
to produce hydrocarbon product. 

4598. The method of claim 4592, further comprising cooling the portion to form a spent 
portion of formation. 

4599. The method of claim 4598, wherein/cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4600. The method of claim 4599, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4601 . The method of claim 4599, further comprising using a portion of the removed 
steam as a synthesis gas producing/fluid in a second portion of the formation. 

4602. The method of claim 457A, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4603. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



V 
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4604. A method for in situ production of synthesis gas from a coal formation, 
comprising : 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one/or more heat sources to a selected 
section of the formation such that the heat fromihe one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from thef formation; 

heating at least a portion of the selec/ed section to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4605. The method of claim 4604, wherein the one or more heat sources comprise at 
least two heat sources, and wherein Superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4606. The method of claim 4604, further comprising allowing the heat to transfer from 
the one or more heat sources to/the selected section to substantially uniformly increase a 
permeability of the selected section. 

4607. The method of claim #604, further comprising controlling heat transfer from the 
one or more heat sources to foroduce a permeability within the selected section of greater 
than about 100 millidarcy. 



4608. The method of claifn 
selected section when pro> 
decrease within the selected 



4604, further comprising heating at least the portion of the 
iding the synthesis gas generating fluid to inhibit temperature 
section during synthesis gas generation. 
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4609. The method of claim 4604, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



46 1 0. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or moie heat sources with heaters 
disposed in the wellbores, wherein the heaters are confined to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the /ones; and 

transferring heat from the zones to the selected section. 

461 1 . The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient t6 allow synthesis gas generation comprises: 
introducing an oxidizing fluid intc/the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 

selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction wittf the oxidizing fluid; and 

reacting the oxidizing fluid w/thin the portion of the selected section to generate 
heat and raise the temperature of thy portion. 

/ 

4612. The method of claim 4604/ wherein the one or more heat sources comprise one or 



more electrical heaters disposed in the formation. 



4613. The method of claim 4604, wherein one or more heat sources comprise one or 
more heater wells, wherein at jfeast one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 



the conduit. 
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4614. The method of claim 4604, wherein heatifig at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. / 

46 1 5. The method of claim 4604, further coinprising controlling the heating of at least 
the portion of selected section and provision? of the synthesis gas generating fluid to 
maintain a temperature within at least the r/ortion of the selected section above the 
temperature sufficient to generate synthes/s gas. 

46 1 6. The method of claim 4604, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of at least the portion of selected section and provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. / 

461 7. The method of claim 4604/ wherein the synthesis gas generating fluid comprises 
liquid water. / 

461 8. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
steam. / 

46 1 9. The method of claim/4604, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, Wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected sjection. 

4620. The method of cl; 
synthesis gas generating 



jim 4619, wherein a portion of the carbon dioxide within the 
luid comprises carbon dioxide removed from the formation. 
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462 1 . The method of claim 4604, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4622. The method of claim 4621, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4623. The method of claim 4604, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected sectioA comprises raising a water table of the 
formation to allow water to flow into the At least the portion of the selected section. 

4624. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carboii numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 

4625. The method of claim 4604 J wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having catrbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons reactf within at least the portion of the selected section to 
increase an energy content of thi produced synthesis gas. 

4626. The method of claim 4©04, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity/ 

4627. The method of claimf 4604, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4628. The method of claim 
synthesis gas using a fuel 4ell 



4604, further comprising generating electricity from the 
, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



4629. The method of claim 4604, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat s/ources. 

4630. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

463 1 . The method of claim 4604, further Comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4632. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4633. The method of claim 4604, further comprising converting at least a portion of the 
synthesis gas to methane using a cataLytic methanation process. 



4634. The method of claim 4604, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatioijl in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patf 



uern. 



4635. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion pf the formation, wherein three or more of the heat 



sources are located in the format 



over an area of the formation to 



on in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 



brm a repetitive pattern of units. 
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4636. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

heating a first portion of the formatior^o pyrolyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from or/e or more heat sources to a selected section 
of the formation, 

pyrolyzing hydrocarbons within the selected section; 

producing fluid from the first potion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of thy£ formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at least a portioA of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4637. The method of claim 4(33 6, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4638. The method of claim/4636, further comprising separating ammonia within the 
20 aqueous phase from the aqi/eous phase prior to introduction of at least the portion of the 

aqueous fluid to the secong section. 

4639. The method ofcMm 4636, wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 

25 temperature sufficient to/ allow synthesis gas generation is achieved. 



30 



4640. The method of dlaim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 



section to inhibit temp 
generation. 



rature decrease in the second section due to synthesis gas 
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464 1 . The method of claim 4636, wherein hewing the second portion of the formation 

f/ 

comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fljaid with carbon in the portion to generate 
5 heat within the portion. 

4642. The method of claim 4636, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the/reaction zones to generate heat, and transferring 

10 the heat to the second portion. 

4643. The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the second section by transfer of heat from one or more electrical 
heaters. 



-r 1 
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4644. The method of claim 46/36, wherein heating the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 

4645. The method of claim 4636, wherein heating the second portion of the formation 

/ 

20 comprises injecting steam into at least the portion of the formation. 



4646. The method of claim 4636, wherein at least a portion of the aqueous fluid 
comprises a liquid phase./ 

25 4647. The method of claim 4636, wherein the aqueous fluid comprises a vapor phase. 

4648. The method of claim 4636, further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. 

30 
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4649. The method of claim 4648, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4650. The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of thfe aqueous fluid to increase a H 2 
concentration within the produced synthesis gas. 

465 1 . The method of claim 4636, further c/omprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion ,bf the aqueous fluid to increase a H 2 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 

from the produced fluid. / 

/ 

4652 The method of claim 4636, further comprising adding hydrocarbons greater than 4 

i 

to at least the portion of the aqueous/fluid to increase energy content of the produced 
synthesis gas. J 



4653 . The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

4654. The method of claim 4636, further comprising maintaining a pressure within the 
formation during synthesis gks generation, and passing produced synthesis gas through a 
turbine to generate electricit^. 

4655. The method of claifoi 4636, further comprising generating electricity from the 
synthesis gas using a fue^cell. 

4656. The method of cj'aim 4636, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion ojf the separated carbon dioxide within a spent portion of the 
formation. 
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4657. The method of claim 4636, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5 4658. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4659. The method of claim 4636, furthey comprising converting at least a portion of the 
10 produced synthesis gas to methanol. 
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4660. The method of claim 4636, furjfher comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

15 4661 . The method of claim 4636, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4662. The method of claim 4636, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
20 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulaif pattern. 



4663. The method of claim/4636, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4664. A method for in siftu production of synthesis gas from a coal formation, 
30 comprising: 
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heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability ^ithin a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; / 

providing a synthesis gas generating fluid into the portion through at least one 
injection wellbore to generate synthesis gas fybm hydrocarbons and the synthesis gas 
generating fluid; and 

producing synthesis gas from at lea^t one heat source wellbore in which is 
positioned proximate to a heat source of the one or more heat sources. 

4665. The method of claim 4664, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4666. The method of claim 4664, ^herein creating a substantially uniform permeability 
comprises heating the portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day duririg pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. 

4667. The method of claim 4664, further comprising removing fluid from the formation 
through at least the one injectfon wellbore prior to heating the selected section to the 
temperature sufficient to allo/v synthesis gas generation. 

4668. The method of claini 4664, wherein the injection wellbore comprises a wellbore 
of a heat source in which isf positioned a heat source of the one or more heat sources. 

4669. The method ofcMm 4664, further comprising heating the selected portion during 
providing the synthesis gks generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 
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4670. The method of claim 4664, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. 
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4671 . The method of claim 4664, further compr/sing controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
temperature within the selected section above/the temperature sufficient to generate 
synthesis gas. 

4672. The method of claim 4664, further comprising: 
monitoring a composition of the/produced synthesis gas; and 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the produced synthesis gas within a 
desired range. 

4673. The method of claim 4664/ wherein the synthesis gas generating fluid comprises 
liquid water. 



20 4674. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
steam. 
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4675. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

4676. The method of claim/ 4664, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 



4677. The method of claim 
30 carbon dioxide removed from 



4676, wherein a portion of the carbon dioxide comprises 
the formation. 
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4678. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4679. The method of claim 4678, whereina portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raiding a water table of the formation to allow water to 

10 enter the selected section. 

4681 . The method of claim 4664, wherein the synthesis gas generating fluid comprises 
•P water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

p portion of the hydrocarbons undergo a reaction within the selected section to increase a 

fr f 

15 H2 concentration within the produced synthesis gas. 
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4682. The method of claj'm 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 

20 content of the produced synthesis gas. 

i 

J 

4683. The method of claim 4664, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



25 



4684. The method of claim 4664, further comprising generating electricity from the 
synthesis gas usinp a fuel cell. 

4685. The method of claim 4664, further comprising generating electricity from the 

30 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 



4686. The method of claim 4664, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4688. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to methanol 

4689. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4690. The method of claim 4664, further comprising converting at least a portion of the 
synthesis gas to methane usinfc a catalytic methanation process. 

469 1 . The method of clainV 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratid of H 2 to carbon monoxide of greater than about 2. 



4692. The method of claim 4664, wherein a temperature of at least the one heat 



source 



wellbore is maintained at 
a synthesis gas having a 



a temperature of greater than approximately 700 °C to produce 
ijatio of H 2 to carbon monoxide of less than about 2. 



4693. The method of cliim 
wellbore is maintained ai 
gas having a ratio of H 2 



to 



im 4664, wherein a temperature of at least the one heat source 
a temperature of approximately 700 °C to produce a synthesis 
carbon monoxide of approximately 2. 
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4694. The method of claim 4664, wheiein a heat source of the one or more heat sources 
comprises an electrical heater. 

4695. The method of claim 4664, wherein a heat source of the one or more heat sources 
5 comprises a natural distributor heater. 



10 



4696. The method of claim 4664, wherein a heat source of the one or more heat sources 
comprises a flameless distributor corrpustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FipC heater through a conduit positioned within the 
wellbore. 
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4697. The method of claim 4664, tfurther comprising providing heat from three or more 
heat sources to at least a portion off the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4698. The method of claim 466^ 
heat sources to at least a portion c 
sources are located in the formation 
sources comprises a triangular pattern, 
over an area of the formation to 



further comprising providing heat from three or more 
f the formation, wherein three or more of the heat 
in a unit of heat sources, wherein the unit of heat 
, and wherein a plurality of the units are repeated 
a repetitive pattern of units. 



fcrm 



4699. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbon material within the selected section of the formation; 

producing pyrolysis products from the formation; 
30 heating a first portion of a formation with one or more heat sources to a 

temperature sufficient to allow generation of synthesis gas; 
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providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the formation; 
heating a second portion of a formation with one more heat sources to a 
5 temperature sufficient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas from the formation; and 
10 blending a portion of the first synthesis gas with a portion of the second synthesis 

O gas to produce a blended synthesis gas having a selected H 2 to CO ratio. 



4702. The method of claim 4699, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4703. The method of claim 4699, further comprising controlling the temperature in the 
25 second portion to control a composition of the second synthesis gas. 

4704. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 2:1 H^to CO. 

30 4705. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H^to CO. 





41 
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4701 . The method of claim 4699, wherein the first synthesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 



20 
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4706. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 3:1 H 2 to CO. 

4707. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4708. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 

4709. The method of claim 4708, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

47 1 0. The method of claim 4709, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4711. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 

47 1 2. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

4713. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H 2 to CO ratio greater the first synthesis gas. 
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4715. The method of claim 4699, wherein the first synthesis gas producing fluid 
comprises C0 2 and wherein the temperature of the first portion is at a temperature that 
will result in conversion of C0 2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 

4716. The method of claim 4699, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H 2 
concentration within the produced second synthesis gas. 

4717. The method of claim 4699, wherein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H 2 to CO mixture of less than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an amount of CO and increase an amount of H 2 to 
produce the selected ratio of H 2 to CO. 

4718. The method of claim 4699, further comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H 2 before 
blending the first synthesis gas with the second synthesis gas. 

471 9. The method of claim 4699, further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 

4720. The method of claim 4699, further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 
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472 1 . The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4722. The method of claim 4699, further comprising generating electricity from the 

5 blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 
the formation. 

4723. The method of claim 4699, further comprising using at least a portion of the 
10 blended synthesis gas as a combustion fuel for heating the formation. 



4724. The method of claim 4699, further comprising allowing the heat to transfer from 



4725. The method of claim 4699, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

20 4726. The method of claim 4699, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4727. The method of claim 4699, wherein the temperature sufficient to allow synthesis 
25 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4728. The method of claim 4699, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
30 disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 




the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
5 material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4729. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
10 heating zones adjacent to wellbores of one or more heat sources with heaters 

p disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 

*0 zones to temperatures sufficient to support reaction of hydrocarbon material within the 

s p zones with an oxidizing fluid; 

f j= introducing the oxidizing fluid to the zones substantially by diffusion; 

|: 15 allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 

a material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 



Ill 




4730. The method of claim 4699, wherein heating the first portion of the selected 
20 section to a temperature sufficient id allow synthesis gas generation comprises: 

introducing an oxidizing fli/lid into the formation through a wellbore; 

transporting the oxidizing/fluid substantially by convection into the first portion 
of the selected section, wherein /he first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 
25 reacting the oxidizing fluid within the first portion of the selected section to 

generate heat and raise the temperature of the first portion. 

473 1 . The method of claiAi 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

30 introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the second 
portion of the selected section^ wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the second portion of the selected section to 
generate heat and raise the temperature of the second portion, 

4732. The method of claim 4699, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



733. The method of claim 4699, wherein the one or more heat sources comprises one 



or more natural distributor combustors. 

4734. The method of claim 4699, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



4735. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 

4736. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 

4737. The method of claim 4699, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4738. The method of claim 4699, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the second portion of the selected section above 
the temperature sufficient to generate synthesis gas. 

4739. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises liquid water. 

4740. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises liquid water. 

474 1 . The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises steam. 

4742. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises steam. 

4743. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4744. The method of claim 4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4745. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 
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4746. The method of claim 4745, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4747. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4749. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

475 1 . The method of claim 4699, wherein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

4752. The method of claim 4699, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 

4753. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the first portion of 
the selected section to increase a H 2 concentration within the produced first synthesis gas. 

4754. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration within the produced second 
synthesis gas. 

4755. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

4756. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy content of the second produced synthesis gas. 

4757. The method of claim 4699, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4758. The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4759. The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 
the formation. 
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4760. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4761 . The method of claim 4699, further comprising using a portion of the first 
5 synthesis gas as a combustion fuel for the one or more heat sources. 

4762. The method of claim 4699, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 

4763. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4764. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 
producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4765. The method of claim 4764, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

30 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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4766. The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

4767. The method of claim 4764, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H 2 to CO. 

4768. The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 3:1 H 2 to CO. 

4769. The method of claim 4764, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4770. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

477 1 . The method of claim 4770, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

4772. The method of claim 4771, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4773 . The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4774. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4775. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4776. The method of claim 4764, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4778. The method of claim 4764, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4779. The method of claim 4764, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4780. The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

478 1 . The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperamre sufficient to allow synthesis gas generation comprises: 

introducing an okidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reactiob with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperatureyof the portion. 

4782. The method of claim 4764, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4783. The method of claim 4764, wherein the one or more heat sources comprises one 
m or more natural distributor combustors. 

*0 I 

,p 4784. The method of claim 4764, wherein the one or more heat sources comprise one or 

)<*> 

p more heater wells, wherein at least one heater well comprises a conduit disposed within 

:h 15 the formation, and further comprising heating the conduit by flowing a hot fluid through 

W 

5i the conduit. 

m 

it J 4785. The method of claim 4764, wherein heating at least the portion of the selected 

r j section to a temperature sufficient to allow synthesis gas generation and providing a 

20 synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4786. The method of claim 4764, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 

25 maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4787. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
liquid water. 

30 
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4788. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
steam. 

4789. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4790. The method of claim 4789, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4791 . The method of claim 4764, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4792. The method of claim 4791 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4793. The method of claim 4764, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4794. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 

4795. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 
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4796. The method of claim 4764, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

5 4797. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4798. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
10 and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



!» 
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4799. The method of claim 4764, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



!} 4800. A method of treating a coal formation in situ, comprising: 

Y„ providing heat from one or more heat sources to at least a portion of the 

HI formation; 

J* allowing the heat to transfer from the one or more heat sources to a selected 

N b 20 section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section of the formation; 
producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

25 controlling a temperature in or proximate to a synthesis gas production well to 

generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 

30 
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4801 . The method of claim 4800, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes^at least some hydrocarbons within the selected section of the 
formation. 

5 

4802. The method of claim 4800, wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

4803. The method of claim 4800, wherein the selected ratio is controlled to range from 
10 approximately 1.8:1 to approximately 2.2:1 l^bto CO. 

4804. The method of claim 4800, wherein the selected ratio is controlled to be 
approximately 3:1 F^to CO. 



ij(J 15 4805. The method of claim 4800, wherein the selected ratio is controlled to range from 
approximately 2.8: 1 to approximately 3.2: 1 H 2 to CO. 

4806. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

20 condensable hydrocarbons. 

4807. The method of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

25 4808. The method of claim 4807, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4809. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

30 
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4810. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

48 1 1 . The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4812. The method of claim 4800, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4813. The method of claim 4800, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 1 00 millidarcy . 

4814. The method of claim 4800, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4815. The method of claim 4800, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4816. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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48 1 7. The method of claim/4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, whereih the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oykidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4818. The method of claim 4800, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4819. The methoA of claim 4800, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4820. The method of claim 4800, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4821 . The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4822. The method of claim 4800, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4823. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
liquid water. 

4824. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
steam. 

4825. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 

4826. The method of claim 4825, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4827. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4828. The method of claim 4827, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4829. The method of claim 4800, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4830. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 

483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
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portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4832. The method of claim 4800, further comprising maintaining a pressure within the 
5 formation during synthesis gas generation, and passing produced synthesis gas through a 

turbine to generate electricity. 

4833. The method of claim 4800, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

10 

O 4834. The method of claim 4800, further comprising generating electricity from the 



synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



4835. The method of claim 4800, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



15 



III 




providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 



controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H 2 to CO ratio; 



heating at least a po/kion of the selected section to a temperature sufficient to 
generate synthesis gas; / 



4836. A method of treating a coaltfbrmation in situ, comprising: 



allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 



providing heat from one otf more heat sources to at least a portion of the 
formation; / 



producing pyrolysis products from the formation; 
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producing Synthesis gas from the formation; 

providing/ at least a portion of the produced synthesis gas to a shift process 
wherein an amdunt of carbon monoxide is converted to carbon dioxide; 

' separating at least a portion of the carbon dioxide to obtain a gas having a selected 
5 H 2 to CO ra^o. 

4837. The method of claim 4836, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
10 formation. 

*£i 4838. The method of claim 4836, wherein the selected ratio is controlled to be 

IS 

approximately 2: 1 H 2 to CO. 



4- 15 4839. The method of claim 4836, wherein the selected ratio is controlled to ranee from 

in? 



approximately 1.8:1 to 2.2:1 H 2 to CO. 



ill 4840. The method of claim 4836, yvherein the selected ratio is controlled to be 

p approximately 3:1 H 2 to CO. 

H 20 

484 1 . The method of claim 4836, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 H 2 to CO. 

4842. The method of claim 4836, further comprising providing at least a portion of the 
25 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4843. The method of claim 4842, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

30 
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4844. The method of claim 4843, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4845. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4846. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4847. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4848. The method of claim 4836, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4849. The method of claim 4836, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4850. The method of claim 4836, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

485 1 . The method of claim 4836, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4852. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4853. The methooT of claim 4836, wherein heating at least the portion of the selected 
section to a temp/rature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support/an oxidization reaction with the oxidizing fluid; and 

feacting the oxidizing fluid within the portion of the selected section to generate 
heat ary& raise the temperature of the portion. 

4854. The method of claim 4836, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4855. The method of claim 4836, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4856. The method of claim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



4857. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 
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4858. The method of claim 4836, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 

5 temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
liquid water. 

10 4860. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
steam. 

4861 . The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
15 dioxide from the selected section. 



© 4862. The method of claim 486 1 , wherein a portion of the carbon dioxide within the 

{1J synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



20 4863. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4864. The method of claim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4865. The method of claim 4836, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

30 
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4866. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4867. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 



4868. The method of claim 4836, further comprising maintaining a pressure within the 
'4$ formation during synthesis gas generation, and passing produced synthesis gas through a 

Sins' 

,|; turbine to generate electricity. 



t 

4- 15 4869. The method of claim 4836, further comprising generating electricity from the 



synthesis gas using a fuel cell. 



Q 

ill 4870. The method of claim 4836, further comprising generating electricity from the 



synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
20 and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4871 . The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

25 

4872. A method of forming a spent j/ortion of formation within a coal formation, 
comprising: 

heating a first portion of thfe formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
30 cooling the first portion. 
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4873. The method of claim 4872, wherein heating the first portion comprises 

transferring heat to the first portion from one or more electrical heaters. 

/ 

/ 

4874. The method of claim 4872, wherein heating the first portion comprises 

5 transferring heat to the first portion from ond or more natural distributor combustors. 

4875. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from/one or more flameless distributor combustors. 
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10 4876. The method of claim 4872, wherein heating the first portion comprises 

transferring heat to the first portion fr^om heat transfer fluid flowing within one or more 
wellbores within the formation. 

4877. The method of claim 48767 wherein the heat transfer fluid comprises steam. 

15 / 

4878. The method of claim 48^6, wherein the heat transfer fluid comprises combustion 

products from a burner. 

4879. The method of claim 4872, wherein heating the first portion comprises 
20 transferring heat to the first portion from at least two heater wells positioned within the 

formation, wherein the at least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base/heater unit is formed of a number of heater wells. 



25 4880. The method of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 



30 



4881. The method of 
through one or more pi oduct 



laim 4879, further comprising removing fluid from the formation 
ion wells. 
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4882. The method of claim 4881 , wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 



centers of base heater units. 



/ 
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5 4883. The method of claim 4879, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884, The method of claim 4879, wherein/the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. 



10 



4885. The method of claim 4879, whe/ein the heater unit comprises five heater wells 
positioned substantially at apexes of a/regular pentagon. 



4886. The method of claim 4879, Wherein the heater unit comprises six heater wells 
«P 15 positioned substantially at apexes of a regular hexagon. 



4887. The method of claim 487^>, further comprising introducing water to the first 
portion to cool the formation. 



20 4888. The method of claim ^872, further comprising removing steam from the 
formation. 



25 



4889. The method of claiAi 4888, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4890. The method of cjfaim 4872, further comprising removing pyrolyzation products 
from the formation. 



4891 . The method oflclaim 4872, further comprising generating synthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 
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4892. The method of claim 4872, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
fluid from the second portion, and storing a portibri of the removed pyrolyzation fluid 
within the first portion. 

4893. The method of claim 4892, wherein ifhe portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process /the portion of the removed pyrolyzation fluid. 

4894. The method of claim 4892, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from the first portion. 

4895. The method of claim 4872, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 

4896. The method of claim 4895, wherein the portion of the removed synthesis gas from 
the second portion are stored within the first portion when surface facilities that process 
the removed synthesis gas ar^not able to process the portion of the removed synthesis 
gas. 

4897. The method of claim 4895, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 



4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material in the first portion. 



4899. The method of c 
carbon containing material 



aim 4898, further comprising using at least a portion of the 
removed from the formation in a metallurgical application. 
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4900. The method of claim 4899, wherein the metallurgical application comprises steel 
manufacturing. ; 

490 1 . A method of sequestering carbon dioxide within a coal formation, comprising: 
heating a portion of the formation to increase permeability and form a 

substantially uniform permeability within the/portion; 
allowing the portion to cool; and 
storing carbon dioxide within the pc/rtion. 



1 0 4902. The method of claim 490 1 , where/n the permeability of the portion is increased to 
over 100 millidarcy. 

4903. The method of claim 4901 , further comprising raising a water level within the 
portion to inhibit migration of the carbon dioxide from the portion. 

15 

4904. The method of claim 4901, further comprising heating the portion to release 
carbon dioxide, and removing carb/>n dioxide from the portion. 

4905. The method of claim 490 /, further comprising pyrolyzing hydrocarbons within 
20 the portion during heating of th^f portion, and removing pyrolyzation product from the 

formation. 



25 
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4906. The method of claim 4(901, further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 

4907. The method of claim/490 1 , wherein heating the portion comprises: 

heating hydrocarbon! material adjacent to one or more wellbores to a temperature 
sufficient to support oxidatibn of the hydrocarbon material with an oxidizing fluid; 

introducing the oxidizing fluid to hydrocarbon material adjacent to the one or 
more wellbores to oxidize hydrocarbons and produce heat; and 
conveying producec heat to the portion. 
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4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one or more wells comprises electrically heating the hydrocarbon material. 

/ 

4909. The method of claim 4907, wherein/me temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

49 1 0. The method of claim 490 1 , wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 

49 1 1 . The method of claim 49 1 0/ wherein the heat transfer fluid comprises combustion 
products from a burner. / 

49 1 2. The method of claim 49 1 0, wherein the heat transfer fluid comprises steam. 

49 1 3 . The method of clain/490 1 , further comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 

49 1 4. The method of tflaim 490 1 , further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. / 

49 1 5 . The method of claim 490 1 , further comprising using a portion of the carbon 
dioxide for enhanobd oil recovery prior to storing the carbon dioxide within the portion. 

49 1 6. The meth/>d of claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carboA dioxide generated in a fuel cell. 

4917. The method of claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbbn dioxide formed as a combustion product. 
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491 8. The method of claim 4901 , further comprising allowing the portion to cool by 

introducing water to the portion; and removing the water from the formation as steam. 

/ 

/ 

491 9. The method of claim 491 8, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4920. The method of claim 4901, whe/ein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide tc/ carbon containing material within the formation. 

492 1 . The method of claim 490 1 , wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream/from the formation, wherein a concentration of the other 
fluid in the second fluid strearrf is greater than concentration of other fluid in the first 
stream due to the absence of /he adsorbed carbon dioxide in the second stream. 

4922. The method of claim 4901, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4923 . The method of/claim 490 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4924. The methon of claim 4901, further comprising providing heat from three or more 
heat sources to at/least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of pe formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a coal formation in 
situ, comprising: 

providing heat from one or more heat sources to at least a first portion of the 

formation; / 

/ 

allowing the heat to transfer from on£ or more sources to a selected section of the 
formation such that the heat from the one </r more heat sources pyrolyzes at least some 
hydrocarbons within the selected section/bf the formation; 

producing pyrolyzation fluids, ^herein the pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dioxide in the formation, wherein the amount of 
stored carbon dioxide is equal to or/greater than an amount of carbon dioxide within the 
pyrolyzation fluids. 

4926. The method of claim 4925, wherein the one or more heat sources comprise at 
least two heat sources, and whbrein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4927. The method of cl^im 4925, wherein the carbon dioxide is stored within a spent 
portion of the formation/ 

4928. The method ofitlaim 4925, wherein a portion of the carbon dioxide stored within 
the formation is carbdn dioxide separated from the pyrolyzation fluids. 

4929. The method/of claim 4925, further comprising separating a portion of carbon 
dioxide from the pf rolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 



4930. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the/pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid for the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. / 



493 1 . The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using tfie carbon dioxide to displace 
hydrocarbon bed methane. / 

4932. The method of claim 493 1 , wherein the hydrocarbon bed is a deep hydrocarbon 
bed located over 760 m below ground surface. 

4933 . The method of claim 493 1 , furthfer comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. / 

4934. The method of claim 4925, farther comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell. 

4935. The method of claim 493H, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by the fuel cell within the formation. 

4936. The method of clairrf 4925, wherein a spent portion of the formation comprises 
carbon containing material/ within a section of the formation that has been heated and 
from which hydrocarbons/have been produced, and wherein the spent portion of the 
formation is at a tempenyture at which carbon dioxide adsorbs onto the carbon containing 
material. / 

4937. The method of fclaim 4925, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 
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4938. The method of claim 4925, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 

I 

4939. The method of claim 4925, wherein producing fluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating flujfl into the selected section; and removing 
synthesis gas from the formation. 

4940. The method of claim 4939, whereir/ the temperature sufficient to generate 
synthesis gas ranges from about 400 °C td about 1200 °C. 

4941 . The method of claim 4939, whe/ein heating the selected section comprises 
introducing an oxidizing fluid into the/selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4942. The method of claim 4939,/vherein heating the selected section comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation oythe hydrocarbon material with an oxidant; 

introducing the oxidant tb hydrocarbon material adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced Wat to the portion. 

4943 . The method of clainy4925, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of tme spent portion. 

4944. The method of cl^m 4925, wherein the one or more heat sources comprise 
electrical heaters. 

4945. The method of claim 4925, wherein the one or more heat sources comprise 
flameless distributor coifabustors. 
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4946. The method of claim 4945, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained^ from the formation. 

/ 

4947. The method of claim 4925, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 



4948 . The method of claim 4947, 
products. 



lerein the heat transfer fluid comprises combustion 
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4949. The method of claim 494/7, wherein the heat transfer fluid comprises steam. 

4950. The method of claim 4925, wherein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 

15 produced fluids through a turbine. 

495 1 . The method of clapi 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

20 sources comprises a triangular pattern. 



25 



4952. The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a/ triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



4953. A method for in situ production of energy from a coal formation, comprising: 



providing 
formation; 



eat from one or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation; 

producing pyrolysis products from /the formation; 

providing at least a portion of tlW pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas Worn the reformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4954. The method of clainy4953, wherein the one or more heat sources comprise at 
least two heat sources, andAvherein superposition of heat from at least the two heat 
sources pyrolyzes at least/some hydrocarbons within the selected section of the 
formation. 

4955. The method oy claim 4953, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. 

4956. The metho^ of claim 4953, wherein the synthesis gas comprises carbon dioxide 
and H2. 



25 



4957. The method of claim 4953, wherein the subsurface formation is a spent portion of 
the formation. 



4958. The mefthod of claim 4953, wherein the subsurface formation is an oil reservoir. 



4959. Them:; 
30 as a drive fluid 



thod of claim 4958, wherein at least a portion of the carbon dioxide is used 
for enhanced oil recovery in the oil reservoir. 
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4960. The method of claim 4953, wherein the subsurface formation is a second coal 
formation. / 



/ 

/ - I 



4961. The method of claim 4960, wherein the second coal formation is located greater 
than about 760 m below ground surface. 



4962. The method of claim 4960, wherein at least a portion of the carbon dioxide is used 
to produce methane from the second coal formation. 



s — a 
if* 
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10 4963. The method of claim 4962, further comprising sequestering at least a portion of 
the carbon dioxide within the second coal formation. 

4964. The method of claim 4953, wheyein the reformer produces a reformer carbon 
dioxide containing exit stream. 

15 

4965. The method of claim 4963, farther comprising storing at least a portion of the 
carbon dioxide in the reformer carton dioxide containing exit stream in the subsurface 
formation. 

20 4966. The method of claim 49^5, wherein the subsurface formation is a spent portion of 
the formation. 



4967. The method of claim 4965, wherein the subsurface formation is an oil reservoir. 

25 4968. The method of claim 4967, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 



4969. The method of cl^im 4965, wherein the subsurface formation is a second coal 
30 formation. 
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4970. The method of claim 4868, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 

second coal formation. / 

/ 

/ 

5 4971 . The method of claim 4970, further comprising sequestering at least a portion of 

/ 

the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
second coal formation. 
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4972. The method of claim 4969, whereii/the second coal formation is located greater 
10 than about 760 m below ground surface. 

4973. The method of claim 4953, wherein the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 4953, ^herein the fuel cell is a solid oxide fuel cell. 

15 

4975. The method of claim 495J, further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 

4976. The method of claim 4953, further comprising using a portion of the produced 
20 pyro lysis products as a feed stream for the fuel cell. 



4977. The method of claim 4953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

25 4978. The method of claim 4953, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4979. The method of /claim 4978, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 



30 
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4980. The method of claim 4953, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



498 1 . The method of claim 4953, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more l/eat sources. 



4982. A method for producing ammonia using a coal formation, comprising: 
separating air to produce an O2 rich stream and a N 2 rich stream; 
heating a selected section of Ahe formation to a temperature sufficient to support 

reaction of hydrocarbon material in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O2 rich 
stream to the selected section; 

allowing the synthesis g&s generating fluid and 0 2 in the 0 2 rich stream to react 
with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas; 

producing synthesis £as from the formation, wherein the synthesis gas comprises 
H 2 and CO; 

providing at least ^ portion of the H 2 in the synthesis gas to an ammonia synthesis 
process; 

providing N 2 to the ammonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 

4983. The method oljfclaim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis prbcess is approximately 3:1. 



4984. The method 6f claim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 40Q °C to approximately 1200 °Cj 

4986. The method of claim 4982, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at leafst a portion of the synthesis gas. 

4987. The method of claim 4986, whereirythe carbon dioxide is separated from the 
synthesis gas by an amine separator. 

4988. The method of claim 4987, furthfer comprising providing at least a portion of the 
carbon dioxide to a urea synthesis procfess to produce urea. 

4989. The method of claim 4982, Wherein at least a portion of the N 2 stream is used to 
condense hydrocarbons with 4 or n/ore carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 4982, wherein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

499 1 . The method of claim 4982, wherein the air is separated by cryogenic distillation. 

4992. The method of clairri 4982, wherein the air is separated by membrane separation. 

4993. The method of cla/m 4982, wherein fluids produced during pyrolysis of a coal 
formation comprise ammbnia and, further comprising adding at least a portion of such 
ammonia to the ammoniA generated from the ammonia synthesis process. 



4994. The method of ilaim 4982, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreAted and at least some ammonia is produced during hydrotreating, 
and, further comprising adding at least a portion of such ammonia to the ammonia 
generated from the an monia synthesis process. 
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4995. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4996. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce >urea and, further comprising providing 
carbon dioxide from the formation to the urea Synthesis process. 



n 



4997. The method of claim 4982, further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion of the carbon monoxide jo carbon dioxide in a shift process, and further 
comprising providing at least a portiojt of the carbon dioxide from the shift process to the 
urea synthesis process. 



III 
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15 4998. The method of claim 4982( wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacenyto wellbores of one or more heat sources with heaters 
disposed in the wellbores, wmerein the heaters are configured to raise temperatures of the 
20 zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stream; 

introducing the OVto the zones substantially by diffusion; 
allowing O2 in thp 0 2 rich stream to react with at least a portion of the 
hydrocarbon material Wthin the zones to produce heat in the zones; and 
25 transferring heat from the zones to the selected section. 



30 



4999. The method df claim 4998, wherein temperatures sufficient to support reaction of 
hydrocarbon within pie zones with O2 range from approximately 200 °C to approximately 
1200 °C. 
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5000. The method of claim 4998, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. , 

5001 . The method of claim 4998, wherein the one or more heat sources comprises one 

/ 

5 or more natural distributor combustors. 

5002. The method of claim 4998, wherein tj^e one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 

10 the conduit. / 



* 5003 . The method of claim 4998, further comprising using a portion of the synthesis gas 

III / 

£ as a combustion fuel for the one or more heat sources. 



15 5004. The method of claim 49827wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

"it" 13 , 

IV introducing the O2 rich stream into the formation through a wellbore; 

p transporting O2 in the 02 rich stream substantially by convection into the portion 

20 of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 withip the portion of the selected section to generate heat and raise 
the temperature of the portipn. 



25 5005. The method of claim 5005, wherein the temperature sufficient to support an 

oxidization reaction with/C>2 ranges from approximately 200 °C to approximately 1200 
°C. 



5006. The method of daim 5005, wherein the one or more heat sources comprises one 
30 or more electrical heaters disposed in the formation. 
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5007. The method of claim 5005, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

5008. The method of claim 5005, wherein the one /r more heat sources comprise one or 
more heater wells, wherein at least one heater well/comprises a conduit disposed within 
the formation, and further comprising heating the' conduit by flowing a hot fluid through 
the conduit. / 

5009. The method of claim 5005, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more h&ai sources. 

5010. The method of claim 4982, further comprising controlling the heating of at least 
the portion of the selected section and j/rovision of the synthesis gas generating fluid to 
maintain a temperature within at leasythe portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

501 1 . The method of claim 4982( wherein the synthesis gas generating fluid comprises 
liquid water. / 

5012. The method of claim 4^82, wherein the synthesis gas generating fluid comprises 
steam. / 

5013. The method of clainft 4982, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide Xherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

50 1 4. The method of cjfaim 5013, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5015. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

50 1 6. The method of claim 501 5, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



5017. The method of claim 4982, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section; 



4* 
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5018, A method for producing ammonia using a coal formation, comprising: 

generating a first ammonia feed stream from a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation, 
15 wherein the second ammonia feed stream has a H 2 to N2 ratio greater than a H 2 to N 2 ratio 

of the first ammonia feed stream; 

blending at least a portion of Ahe first ammonia feed stream with at least a portion 

of the second ammonia feed streany to produce a blended ammonia feed stream having a 

selected H 2 to N 2 ratio; 

20 providing the blended aminonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 



5019. The method of claim 5©18, wherein the selected ratio is approximately 3:1. 

25 5020. The method of claim pOl 8, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2: li 

5021 . The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the first ^mmonia feed stream from at least a portion of the first 
30 ammonia feed stream. 
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5022. The method of claim 5021, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5023. The method of claim 5022, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5024. The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feecy stream from at least a portion of the blended 
ammonia feed stream. 

5025. The method of claim 5024, where/in the carbon dioxide is separated from the 
blended ammonia feed stream by an arryfne separator. 



5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis pv 



tfocess 



5027. The method of claim 501 8/ further comprising separating at least a portion of 
carbon dioxide in the second amr/ionia feed stream from at least a portion of the second 
ammonia feed stream. 

5028. The method of claim 5D27, wherein the carbon dioxide is separated from the 
second ammonia feed stream A>y an amine separator. 

5029. The method of clairrf 5028, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 



5030. The method of claim 5018, wherein fluids produced during pyrolysis of a coal 
formation comprise ammbnia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 
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503 1 . The method of claim 501 8, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5032. The method of claim 50 1 8, furthe/ comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 
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5033. The method of claim 5018, fui/ther comprising providing at least a portion of the 
ammonia to a urea synthesis processAo produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5034. The method of claim 501 », further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further Comprising providing at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 

5035. A method for producing ammonia using a coal formation, comprising: 
heating a selected section of the formation to a temperature sufficient to support 

reaction of hydrocarbon rr/aterial in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an 0 2 rich stream to the selected 
section, wherein the amolint of N 2 in the 0 2 rich stream is sufficient to generate synthesis 
gas having a selected ratto of H 2 to N 2 ; 

allowing the syrithesis gas generating fluid and 0 2 in the 0 2 rich stream to react 
with at least a portion df the hydrocarbon material in the formation to generate synthesis 
gas having a selected rfatio of H 2 to N 2 ; 

producing the Synthesis gas from the formation; 

providing at liast a portion of the H 2 and N 2 in the synthesis gas to an ammonia 
synthesis process; 

using the ammonia synthesis process to generate ammonia. 
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5036. The method of claim 5035, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H 2 to 
N2 ratio. / 

5037. The method of claim 5035, wherein /the selected ratio is approximately 3 : 1. 

5038. The method of claim 5035, wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. / 

5039. The method of claim 5035, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5040. The method of claim 503% wherein the 0 2 stream and N 2 stream are obtained by 
cryogenic separation of air. / 

5041 . The method of claim 5035, wherein the 0 2 stream and N 2 stream are obtained by 
membrane separation of air. / 

5042. The method of claim/5035, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5043. The method of clai/n 5042, wherein the carbon dioxide is separated from the 
synthesis gas by an amine/separator. 

5044. The method of claim 5043, further comprising providing at least a portion of the 
carbon dioxide to a urea/synthesis process. 
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5045. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a pyfrtion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



5047. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5048. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5(735, further comprising providing at least a portion of the 
ammonia to a urea synthesis p/ocess to produce urea and further comprising shifting at 
least a portion of carbon monbxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea/synthesis process. 



5050. The method of claiin 5035, wherein heating a selected section of the formation to 
a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjkcent to wellbores of one or more heat sources with heaters 
disposed in the wellborei, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 



zones with 0 2 in the 0 2 
introducing the 



rich stream; 

3 2 to the zones substantially by diffusion; 
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allowing O2 in the 0 2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section, 

A 

5 5051 . The method of claim 5050, wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zones with/C>2 range from approximately 200 °C to 
approximately 1200 °C. 

5052. The method of claim 5050, wherein the one or more heat sources comprises one 
10 or more electrical heaters disposed in Jhe formation. 

J SMB. 

*P 5053. The method of claim 5050, wherein the one or more heat sources comprises one 

ttl / 

5 p or more natural distributor combudtors. 

"M / 
t: / 

*?* 15 5054. The method of claim 5030, wherein the one or more heat sources comprise one or 

IS / 

more heater wells, wherein at least one heater well comprises a conduit disposed within 

l % the formation, and further comprising heating the conduit by flowing a hot fluid through 

*}* 

III the conduit. 

20 5055. The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for t^ one or more heat sources. 

5056. The method of claim 5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
25 synthesis gas comprises! 

introducing the U 2 rich stream into the formation through a wellbore; 
transporting Oi in the O2 rich stream substantially by convection into the portion 
of the selected sectioiu wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 
30 reacting the d 2 within the portion of the selected section to generate heat and raise 

the temperature of the portion. 
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5057. The method of claim 5056, wherein the temperature sufficient to support an 
oxidization reaction with 0 2 ranges from approximately 200 °C to approximately 1200 
°C. 



5058. The method of claim 5056, whereiryfhe one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 
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5059. The method of claim 5056, wherein the one or more heat sources comprises one 
10 or more natural distributor combustors. 

5060. The method of claim 5056, wherein the one or more heat sources comprise one or 
more heater wells, wherein at leas/ one heater well comprises a conduit disposed within 
the formation, and further composing heating the conduit by flowing a hot fluid through 

15 the conduit. 



Ill 



5061. The method of claim 5056, further comprising using a portion of the synthesis gas 
as a combustion fuel for the/one or more heat sources. 



20 5062. The method of claim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient tp generate synthesis gas. 

25 5063. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
liquid water. 



30 



5064. The method/of claim 5035, wherein the synthesis gas generating fluid comprises 
steam. 
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5065. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

/ 

5066. The method of claim 5065, wherein A portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5067. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portionyof the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5068. The method of claim 5067,/wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5069. The method of claim 5(B5, wherein providing the synthesis gas generating fluid 
to at least the portion of the se/ected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5070. A method for producing ammonia using a coal formation, comprising: 
providing a first stream comprising N 2 and carbon dioxide to the formation; 
allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 

formation; / 

producing a second stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of the N 2 in the second stream to an ammonia 
synthesis process. / 

5071. The method j>f claim 5070, wherein the second stream comprises H 2 from the 
formation. I 
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5072. The method of claim 5070, wherein the first stream is produced from the coal 
formation. 



5073. The method of claim 5072, wherein the first stream is generated by reacting a 

oxidizing fluid with hydrocarbon material jn the formation. 

/ 

5074. The method of claim 5070, whe/ein the second stream comprises H 2 from the 
formation and, further comprising providing such H 2 to the ammonia synthesis process. 

5075. The method of claim 5070, ^rther comprising using the ammonia synthesis 
process to generate ammonia. 

5,076. The method of claim 50#5, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5077. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreatep and at least some ammonia is produced during hydrotreating, 
and further comprising a/lding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5078. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



5079. The methoctfof claim 5075, further comprising providing at least a portion of the 
ammonia to a urea^synthesis process to produce urea and, further comprising providing 
carbon dioxide frdm the formation to the urea synthesis process. 



rdi 



5080. The methpd of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 



\ 
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process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



508 1 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: I 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer ft om the one or more heat sources to a selected 
section of the formation such that Mat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at Wast a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 



5082. The method of claim 508 1 , wherein the one or more heat sources comprise at 
least two heat sources, and Wherein superposition of heat from at least the two heat 
sources pyrolyzes at least s/ome hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 

5083 . The method of/claim 5081, further comprising allowing heat to transfer from at 
least one of the one of more heat sources to the selected section to create thermal 
fractures in the formation wherein the thermal fractures substantially increase the 
permeability of the selected section. 



5084. The method of claim 508 1 , wherein the heat is provided such that an average 
temperature in th^f selected section ranges from approximately about 270 °C to about 400 
°C. 



5085. Themetl 
comprises an electrical 



od of claim 5081, wherein at least one of the one or more heat sources 
heater located in the formation. 
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5086. The method of claim 508 1 , wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. /, 

/ 

5087. The method of claim 5081, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



m 
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5088. The method of claim 508 1 / further comprising: 

10 monitoring a composition of the produced mixture; and 

controlling a pressure in/at least a portion of the formation to control the 
composition of the produced mixture. 

5089. The method of claim 5088, wherein the pressure is controlled by a valve 
15 proximate to a location where the mixture is produced. 

5090. The method of claim 5088, wherein the pressure is controlled such that pressure 
proximate to the one or/more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



20 
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5091 . A method for /treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion pas an average permeability of less than about 10 millidarcy, 
comprising: 

providing hjbat from one or more heat sources to the formation; 
allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vaporizes at least a portion of the hydrocarbons in the selected section; 



and 



producing a mixture comprising hydrocarbons from the formation. 
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5092. The method of claim 5091, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selected section. 



m 



5093. The method of claim 5091, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 

5094. The method of claim 5091, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 



15 
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5095. The method of claim 5091, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5096. The method of clainy5091, wherein at least one of the one or more heat sources is 
located in a heater well, ana wherein at least one of the heater wells comprises a conduit 
located in the formation, ^rid further comprising heating the conduit by flowing a hot 
fluid through the conduit/ 



5097. The method of olaim 5091, wherein at least some of the heat sources are arranged 
25 in a triangular pattern. 



5098. The method of claim 5091, further comprising: 

monitoring a iomposition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the composition of 
30 the produced mixture. 
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5099. The method of claim 5098, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5100. The method of claim 5098, wherein the Pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 



i-Vs 
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5101 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
10 comprising: 

providing heat from one or m6re heat sources to the formation, wherein at least 
one of the one or more heat sources/is located in a heater well; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such thai/ heat from the heat sources pyrolyzes at least some 
15 hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more of the heater sources. 

20 5 1 02. The method of claim 5101, wherein the one or more heat sources comprise at 
least two heat sources, an/l wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^/t some hydrocarbons within the selected section of the 
formation. 



25 5103. The method ofl claim 5101, further comprising producing fluid from at least one 
of the one or more heat sources. 



30 



5 1 04. The method jbf claim 5101, further comprising allowing heat to transfer from at 
least one of the one/or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 
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5105. The method of claim 5101, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 

5 1 06. The method of claim 5101, wherein^ at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 



€l 
m 
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5 1 07. The method of claim 5101, wherein at least one of the one or more heat sources is 
located in a heater well, and wherein a/t least one of the heater wells comprises a conduit 
located in the formation, and further ^Comprising heating the conduit by flowing a hot 
fluid through the conduit. 



3: 
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5 1 08. The method of claim 510V, wherein at least some of the heat sources are arranged 
15 in a triangular pattern. 

5 1 09. The method of claim 5101, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure^ in at least a portion of the formation to control the 

20 composition of the producea mixture. 



5110. The method of claim 5109, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



25 5111. The method of claim 5 1 09, wherein the pressure is controlled such that pressure 
proximate to the one or fnore heat sources is greater than a pressure proximate to a 
location where the mixtpre is produced. 



939 



Conley, Rose & Tayon, P C. 



Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability ojf less than about 10 millidarcy, 
comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected first 
section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pynblyzed within the first selected section, and 
allowing the heat to transfer from the one 6r more heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 
hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zonevand 

producing a mixture comprising hydrocarbons from the formation. 

5113. The method of claim 51 12/wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons with/n the selected second section to a temperature less than the 
average temperature within the pyrolysis zone. 

5114. The method of claim 5112, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5115. The method of cl&im 5112, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 

5116. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or /more heat sources to the selected first section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected f irs t section. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected second section. 

/ 

/ 
/ 

5118. The method of claim 5112, wherein the/heat is provided such that an average 
temperature in the selected first section range/ from approximately about 270 °C to about 
400 °C. 

5119. The method of claim 5112, wherein the heat is provided such that an average 
temperature in the selected second secti^h ranges from approximately about 1 80 °C to 
about 250 °C. 

5120. The method of claim 5112, wnerein a viscosity of at least some of the 
hydrocarbons in the selected secon^ section ranges from approximately about 20 
centipoise to about 1000 centipoisd 

5121. The method of claim 5 1 u2, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5122. The method of claim 5112, wherein at least one of the one or more heat sources is 
located in a heater well, and Avherein at least one of the heater wells comprises a conduit 
located in the formation, anj3 further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5123. The method of claim 5112, further comprising: 
monitoring a comfposition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 
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5124. The method of claim 5123, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5125. The method of claim 5123, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is/greater than a pressure proximate to a 
location where the fluid is produced. 



5126. The method of claim 5122, whe/ein the pressure in the selected second section is 
substantially greater than the pressure in the selected first section. 

5127. The method of claim 5112, Wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5128. The method of claim 5 1 A 2, wherein an average distance between heat sources in 
the selected first section is lesf than an average distance between heat sources in the 
selected second section. 

5129. The method of claiih 5112, wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5130. The method of c^laim 5112, wherein the selected first section comprises at least 
one production well. 

5131. The method cjft claim 5112, wherein the selected first section comprises a planar 
region. 

5132. The method of claim 5112, wherein at least one row of the heat sources provides 
heat to the planar region. 

5133. The methdd of claim 5112, wherein at least one ring comprising the heat sources 
provides heat to the selected first section. 
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5134. The method of claim 5133, wherein at least one ring comprising the heat sources 
provides heat to the selected second section. 

) 

■</ 

5135. The method of claim 5133, wherein the riiig comprises a polygon. 

5136. The method of claim 5133, wherein thtfring comprises a regular polygon. 

5137. The method of claim 5133, wherein/the ring comprises a hexagon. 

5138. The method of claim 5133, wherein the ring comprises a triangle. 

5139. A method for treating hydrocaybons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: 

providing heat from three ok more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selectefl section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 

5 1 40. The method of clainy 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at le£st some hydrocarbons within the selected section of the 
formation. 

5141. The method of clim 5139, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 

5142. The method of daim 5139, further comprising allowing heat to transfer from at 
least one of the one or ihore heat sources to the selected section to create thermal 
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fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 

/ 

5143. The method of claim 5139, wherein the neat is provided such that an average 
temperature in the selected section ranges froni approximately about 270 °C to about 400 
°C. 

5144. The method of claim 5139, wherein at least one of the one or more heat sources 
comprises a electrical heater located in me formation. 

5145. The method of claim 5139, wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5 146. The method of claim 5^1 39, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5147. The method of clairrif 5139, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a press/ire in at least a portion of the formation to control the 

composition of the produced mixture. 

5 148. The method of daim 5 147, wherein the pressure is controlled by a valve 
proximate to a location/where the mixture is produced. 



5149. The method off claim 5147, wherein the pressure is controlled such that pressure 



proximate to the one 



6r more heat sources is greater than a pressure proximate to a 



location where the fit id is produced. 
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